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i 
ABSTRACT 
This study introduced the quality control from a historical perspective, 
emphasizing the importance of the globalization process as a main driving force 
for quality convergence of product. In this context, developed countries, 
particularly the USA,  harmonized the concept of quality and its application in 
other countries. Moreover, Sudan as a typical developing country has been 
given prominence in this study, by selecting a sample of two industries: the 
Ammunition Factory and El Mizab Factory. The choice of the sample is based 
on availability of data and other related information. These factories were faced 
with a number of bottlenecks affecting their performance. These are related to 
identifying vision and mission, input supply, improved quality, and reliability 
and reduced overall cost. Before indulging in assessing quality control in 
Sudan, it is paramount to define the quality concept itself, its strategic 
orientation and the framework upon which this concept can be delineated. The 
study defined the concept of quality process from a strategic perspective with a 
vision, policies and goals. Such a management process is consistent with the 
well-known “Juran Trilogy”: Planning, control, and improvement. To apply 
such an approach to the two case studies from Sudan, an empirical framework 
has been adopted in this study, with particular emphasis on benchmarking and 
ISO 9000 family of international standards. 
This study also suggests some implementable policy recommendations for 
further improvements. These recommendations were deduced from a scientific 
methodology that depicts quantitative techniques, control charts and control 
statistics. Furthermore, these recommendations could easily be generalized to 
be implemented in other industries, with appropriate adjustments (incorporating 
structural, organizational and institutional characteristics). 
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 TCARTSBA CIBARA
 -:ﻤﻠﺨﺹ ﺍﻟﺒﺤﺙ 
ﻗﺩﻤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻀﺒﻁ ﺍﻟﺠﻭﺩﺓ ﻤﻥ ﻤﻨﻅﻭﺭ ﺘﺎﺭﻴﺨﻲ ﺜﻡ ﺃﻜﺩﺕ ﺘﺩﺍﻋﻴﺎﺕ ﺍﻟﻌﻭﻟﻤﺔ ﻋﻠـﻰ 
ﺍﻟﺒﻠﺩﺍﻥ ﺍﻟﻤﺘﻘﺩﻤﺔ ﻭﺒﺎﻷﺨﺹ ﺍﻟﻭﻻﻴﺎﺕ ﺍﻟﻤﺘﺤـﺩﺓ ﻭﻓﻲ ﻫﺫﺍ ﺍﻟﺴﻴﺎﻕ ﺘﻭﺍﻓﻘﺕ . ﻨﻅﺎﻡ ﺠﻭﺩﺓ ﺍﻹﻨﺘﺎﺝ 
ﻤﻥ ﺒﻴﻥ ﻫـﺫﻩ .ﻋﻠﻰ ﺘﺄﻁﻴﺭ ﻤﻔﻬﻭﻡ ﻭﺘﻁﺒﻴﻕ ﻨﻅﺎﻡ ﺍﻟﺠﻭﺩﺓ ﻭﺘﺒﻌﺘﻬﻡ ﻓﻲ ﺫﻟﻙ ﺒﺎﻗﻲ ﺩﻭل ﺍﻟﻌﺎﻟﻡ 
ﻭﻤﻥ ﻫﺫﺍ ﺍﻟﻤﻨﻁﻠﻕ . ﺍﻟﺩﻭل ﺃﺒﺭﺯﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺩﻭﺭ ﺍﻟﺴﻭﺩﺍﻥ ﻓﻲ ﻤﻤﺎﺭﺴﺔ ﺘﻁﺒﻴﻕ ﻨﻅﺎﻡ ﺍﻟﺠﻭﺩﺓ 
ﻟﺩﺭﺍﺴـﺔ , ﺍﺕ ﺍﻟﺼﻠﺔ  ﺫ ﺕ ﺸﻬﻴﺭﻴﻥ ﺒﺎﻟﺴﻭﺩﺍﻥ ﻋﻠﻰ ﺃﺴﺎﺱ ﺘﻭﻓﺭ ﺍﻟﻤﻌﻠﻭﻤﺎ ﻥﺘﻡ ﺍﺨﺘﻴﺎﺭ ﻤﺼﻨﻌﻴ 
ﺒﺎﻟﺸﺠﺭﺓ ، ﻭ ﻤﻁﺎﺤﻥ " ﺍﻟﺫﺨﻴﺭﺓ "ﻫﺫﺍﻥ ﺍﻟﻤﺼﻨﻌﺎﻥ ﻫﻤﺎ ﻤﺼﻨﻊ . ﺤﺎﻻﺕ ﻨﻅﺎﻡ ﺍﻹﻨﺘﺎﺝ ﻭﺠﻭﺩﺘﻪ 
  . ﺒﺒﺤﺭﻱ " ﺍﻟﻤﻴﺯﺍﺏ " ﺍﻟﺴﻴﺩ ﻟﻠﻐﻼل " 
ﻭﺍﺠﻪ ﻫﺫﺍﻥ ﺍﻟﻤﺼﻨﻌﺎﻥ ﺒﺎﻟﻨﺴﺒﺔ ﻟﻸﺩﺍﺀ ﺍﻟﻜﺜﻴﺭ ﻤﻥ ﺍﻟﻌﻘﺒﺎﺕ ﻭﻫﻨﺎﻙ ﺍﻟﻌﺩﻴﺩ ﻤﻥ ﺃﻭﺠﻪ ﺍﻟﻘـﺼﻭﺭ 
  : ﻭﺍﻟﺴﻠﺒﻴﺎﺕ ﺍﻟﺘﻲ ﺃﻤﻜﻥ ﺘﺤﺩﻴﺩﻫﺎ ﻭﻫـﻲ ﺘﺘﻠﺨﺹ ﻓـﻲ 
  .ﻋﺩﻡ ﻭﻀﻭﺡ ﺍﻟﺭﺅﻴﺔ ( 1)
    .ﻤﺩﺨﻼﺕ ﺍﻹﻨﺘﺎﺝ(  2)
  . ﻋﺩﻡ ﺍﻹﺭﺘﻘﺎﺀ ﺒﺎﻷﺩﺍﺀ ﻜﻤﺎﹰ ﻭ ﻜﻴﻔﺎﹰ ﻤﻊ ﺘﺨﻔﻴﺽ ﺍﻟﺘﻜﻠﻔﺔ ﺍﻟﻜﻠﻴﺔ ﻟﻺﻨﺘﺎﺝ( 3)
ﻭﻤﻥ ﺜﻡ ﺤﺎﻭﻟﺕ ﺍﻟﺩﺭﺍﺴﺔ , ﻟﺘﺄﺴﻴﺱ ﻭﺘﺄﻁﻴﺭ ﺍﻟﺠﻭﺩﺓ ﺒﺎﻟﺴﻭﺩﺍﻥ ﺘﻡ ﺃﻭﻻﹰ ﺘﻌﺭﻴﻑ ﻤﻔﻬﻭﻡ ﺍﻟﺠﻭﺩﺓ 
ﺒﻴﻕ ﺍﻟﻤﻔﺎﻫﻴﻡ ﺍﻟﻌﻠﻤﻴﺔ ﻴﻤﻜﻥ ﻋﻠﻲ ﻀﻭﺌﻬﺎ ﺘﺄﻁﻴﺭ ﻭﺘﻁ, ﺍﺴﺘﻨﺒﺎﻁ ﺇﺴﺘﺭﺍﺘﻴﺠﻴﺔ ﺒﻌﻴﺩﺓ ﺍﻟﻤﺩﻯ 
ﺍﻟﻤﺘﺒﻌﺔ ﻓﻲ ﺘﺨـﻁﻴﻁ ﻭﻀﺒﻁ ﻭﺘﺤﺴﻴﻥ ﺠﻭﺩﺓ ﺍﻟﻤﻨﺘﺞ ﻭﻤﺎ ﻴﺼﺤﺏ ﺫﻟﻙ ﻤﻥ ﺃﻋﻤﺎل ﻤﺨﺘﻠﻔﺔ 
ﻭﻓﻘﺎ ﻟﻠﺩﻻﺌل " ﻤﺜﻠﺙ ﺠﻭﺭﺍﻥ"ﻭﻓﻲ ﻫﺫﺍ ﺃﻹﻁﺎﺭ ﺍﻟﻌﻠﻤﻲ ﺘﻡ ﺘﺤﻠﻴل ﻨﻤﻭﺫﺝ ﻗﻴﺎﺴﻲ ﺒﻤﻼﺀﻤﺔ 
ﻭﻫﺫﺍ ﺒﺩﻭﺭﻩ ﻴﺅﺩﻱ ﺇﻟﻲ ﺘﺄﻁﻴﺭ ﻭﺘﺤﻠﻴل ﻨﻅﺎﻡ ﺍﻹﻨﺘﺎﺝ ﺍﻟﻘﺎﺌﻡ . ﺍﻹﺤﺼﺎﺌﻴﺔ ﻭﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﻤﺘﺎﺤﺔ
ﻟﻠﺨﺭﻭﺝ ﺒﺎﻗﺘﺭﺍﺤﺎﺕ ﻤﺤﺩﺩﺓ , ﺍﺯ ﺃﻫﻡ ﺍﻟﻤﻼﻤﺢ ﻟﻠﺴﻠﺒﻴﺎﺕ ﺍﻟﺘﻲ ﺘﻘﻑ ﻓﻲ ﻁﺭﻴﻕ ﺘﻁﻭﻴﺭﻩﻭﺇﺒﺭ
  .ﻟﺘﺒﻨﻲ ﺴﻴﺎﺴﺎﺕ ﻭﺍﻗﻌﻴﻪ ﻤﻤﻜﻨﺔ ﺍﻟﺘﻨﻔﻴﺫ 
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GLOSSARY  
2 I.C. Second – in – command 
A.T.O.S. Ammunition technical officers 
Alveograph Dough testing apparatus. 
Aspirator Wheat cleaning machine using controlled air currents. 
Beeswing Light fibrous material removed during cleaning and 
purification. 
Benzoyl Peroxide A flour bleaching agent. 
Blank star A cartridge loaded with powder but no bullet 
Bran Outer skins of wheat. 
Break Flour Flour produced during breaking down process 
Bug Wheat Grain attacked by wheat bug during growth and having 
high proteolytic activity. 
Bulk Storage Storage of flour or wheat feed in bins instead of bags. 
Bullet A small round or elongated missile designed to be fired 
from a firearm 
Cartridge  A tube of metal, paper etc. “case” containing a 
complete charge, a primer, and often the bullet or short 
for a firearm 
Cockle Usually applied to small black seeds found in wheat, of 
which true corncockle, a poisonous seed, is one. 
Conditioner Machine in which grain is treated with water and heat 
for mellowing purposes. 
Conditioning The treatment of wheat to bring it into optimum milling 
condition. 
 xii
Crumbler Small diameter rolls for reducing pellets to crumbs. 
Cubic Capacity Cubic feet of space occupied by one quarter of grain. 
Dampers Machines for adding water to grain in controlled 
amounts. 
Damping Addition of water as part of conditioning process. 
Decorticating The process of de-husking grain without splitting the 
interior. 
Dunst Usually applied to stock between flour and middlings in 
size; or to the cut-off section of a flour dressing 
machine. 
Dusting Removal of flour from stocks before purification 
Endocarp One of the bran skins. 
Endosperm Inner portions of the wheat grain. 
Epicarp One of the bran skins. 
Epidermis Another of the bran skins. 
Ergot A fungus which can attack wheat forming a toxic 
purple mass larger than the grain. 
Extraction Rate Percentage of flour obtained from grist 
Farinograph A dough testing machine. 
Filler Wheat Varieties of grain whose characteristics conform to an 
average pattern with no outstanding effects upon a 
bread flour grist. 
Flaking Flattened agglomerations of stock produced by heavy 
roll pressures. 
Flaking Mill Rollermill used for flaking maize or oil seeds. 
Garlic A bulbous seed found in certain varieties of grain, with 
 xiii
pronounced onion-like smell, difficult to remove. 
Gluten That portion of flour which coagulates when made into 
dough. 
Grading Process of classification of stocks, or, sometimes 
applied to the natural separation of large from small 
stock from an emptying bin. 
Granularity Degree of fineness of dress. 
Grist Commonly applied to wheat mixture or mill feed. 
Grit Gauze Heavy silk bolting cloth. 
H/Q Headquarter 
Heated grain Gain with gluten characteristics impaired by 
overheating in storage or drying. 
Hopper A feed bin angled towards the outlet. 
i.m.c. Incoming material control 
Infestation Contamination of plant, buildings or stock by pests 
such as weevils, moths, etc. 
Joggler A shaking sieve. 
Methol Bromide A highly poisonous gas used for  fumigation. 
Middlings Mill stock between semolina and flour in size. 
N.C.O.S. Noncommissioned officer 
Nutrients Chemical compounds added to flour for enrichment of 
vitamin content. 
Ordnance corps An army unit dealing with military supplies. Cannon, 
artillery 
Outsiftings The fine material passed through the clothing of a 
dressing machine. 
 xiv
Overtails The material passed over the tail end of a dressing 
machine. 
Packer A machine used for the filling of sacks. 
PAF People armed forces 
Patents Top grade flours. 
Pellet Mill Machine for producing pellets or cubes for animal 
feeds. 
Percentage Extraction rate. 
Pericarp A bran skin. 
Pollard Small bran. 
Posser A bumping device to assist filling of sacks. 
Powder Feed A small machine for delivering chemicals in accurately 
controlled amounts. 
Primary Stocks Semolina, middlings, etc. produced on break rolls as 
opposed to reduction roll stocks. 
Primer A device (e.g. a percussion cap) used for igniting a 
charge 
Proteolytic enzyme An enzyme which promotes softening of the gluten 
during fermentation. 
Receiving House Building in which weighing and preliminary cleaning 
of grain is performed before passing into silos. 
Repurification Second purification of primary stocks which are 
difficult to purify in one operation. 
Scourer A frictional grain cleaning machine. 
Scraper A device for cleaning roll surfaces. 
Scratch Rolls Finely fluted rolls used to treat impure semolina for the 
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release of middlings for further purification. 
Screenings Impurities removed from grain before grinding. 
Semolina The larger portions of endosperm released during the 
breaking down process. 
Separator A wheat cleaning machine for removing foreign 
material from the grain. 
Silo A wheat storage bin, or collection of bins. 
Smooth Rolls Reduction rolls 
Spatula A polished metal or horn flat spoon for flour testing 
purposes. 
Speciality Flour Flour produced for a special purpose or particular 
process. 
Sprouted Grain Grain which has begun to germinate. 
Stacking Stowing or topping of products in warehouse. 
Stratification Separation of small from large particles by 
reciprocating motion of sieve, in which smaller 
particles sink to the bottom of the layer of the stock. 
T.Q.C. Total quality control  
T.Q.M. Total quality management 
Tempering Mellowing of grain to obtain optimum milling 
condition. 
Testa One of the bran skins. 
Toppings Coarse rubble removed from grain in cleaning process. 
Water Absorption The quantity of water a flour will absorb to make a 
standard dough. 
Weigher Usually applied to automatic machine delivering pre-
 xvi
determined weight of product to sack. 
Wheatfeed By-products of the milling process. 
Wheatmeal Meal made from wheat with only part of the bran 
removed. 
Whizzer A centrifugal wheat drying machine used to remove 
surplus water picked up in the washer. 
Wholemeal Meal made from the whole of the grain without any of 
the bran removed. 
Winter Wheat Wheat sown in late autumn or early winter. 
Yield Percentage of the flour produced. 
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1 
1. CHAPTER ONE 
INTRODUCTION 
1.1. Background 
Human society has depended on quality since the dawn of history. In 
primitive societies this dependence was prominent on the quality of natural 
goods and services. Human life existed and continued to be portrayed 
within rather narrow limits of climatic temperature, air quality, food 
quality, etc. Even within these narrow limits, most primitive societies were 
marginalized, and human beings in most primitive societies live 
precariously. Throughout history, life spans were shortened by 
malnutrition, disease, natural disasters, and so on. To reduce such risks, 
primitive societies created unnatural aids to their mental and physical 
capabilities, particularly in:- 
• Division of labor, given long and exhausting hours of work. 
• Community forms of society, such as villages. 
• Artificial shelter, e.g. houses. 
• Processing of natural materials to produce unnatural goods such as 
pottery, textiles, tools, and weapons. 
• Lessons learned from experience of the past when to plant crops, and 
which technology and culture practices to be handed down from 
generation to generation. At the dawn of this century, subsequent growth 
of commerce and of science and technology greatly expanded the extent 
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and variety of unnatural goods and services. As a result human beings in 
many modern industrial societies live longer and safer lives. 
Nonetheless, all these goods and services have created new risks and ways 
to improve quality of life. The term "quality" is perceived as subjective, 
but in this study, attempts will be made to define "quality" concept 
objectively. 
1.1.1 Quality and the natural culture 
Quality is generally considered as both means and end to achieving a 
specific goal. The goal of high quality is common to all countries. This 
common goal must complement other natural goals, amid the massive 
political, economic and social forces, which determine the national 
priorities. For example, the growth of international trade and of multi 
national companies has required that attention be directed to understanding 
the impact of national culture on managing for quality, which is considered 
a cultural issue at the first hand, and a technical issue at the second hand. 
Quality is sometimes considered as means to differentiate developed from 
developing countries. 
1.1.2 Quality in developing countries 
Countries are often classified as "developing" or "developed". There is an 
emerging consensus that this terminology is misleading, as countries that 
are classified as developing could in many aspects be more advanced than 
some developed countries; Alternatively countries were grouped into 
"industrialized" versus "less industrialized countries" or "economically 
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developed" countries to represent the developed versus developing 
countries. The heterogeneity of developing countries is also reflected in 
other classification system. For example, "least developed countries" is 
used to group 50 countries in the context of United Nations as the weakest 
partners in the international community, that facing structural problems. 
On the other extreme the term "newly industrialized countries" (NICs) 
implies countries which have recently advanced from a developing status 
to a developed status. As a consequence of the collapses of the Soviet 
Union there are "countries in transition from planned to a market 
economy". The globalization phenomenon was considered as the main 
driving force behind these developments. 
In particular, the World Bank Global economic report (1995, P.65) states 
that "the increasing integration of developing countries into the global 
economy represents a major – perhaps the most important opportunity for 
raising the welfare of both developing and developed  countries in the long 
term. In the new competitive situation, quality will become more important 
to developing countries than ever before." 
1.1.3 Quality in developed countries 
Quality, which is a cultural issue first and technical issue second, is no 
exception as far as diversity is concerned. Germany, as a developed 
country has a solid reputation for product quality; as well as other 
Northern European and North American countries which provide excellent 
service quality. For example , France and Italy are also  typical countries 
with recorded quality improvements .. But despite these, Europe has made 
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up a great deal of ground in relation to the United States of America and 
Japan .  
European quality organizations have played an important part in recent 
quality development, as a result European quality awards disseminated 
from the 1950s to the 1970s, quality was considered a priority issue mainly 
in defense, telecommunication, and Energy in general, Chemicals, and 
others. 
European countries were among the first countries that introduced the new 
T.Q.M. concepts, certainly the great emphasis on standard based quality 
and certification. 
Similarly ,the economy of the U.S. rests mainly on a base of numerous 
autonomous producers and marketers of goods and services. These 
autonomous companies are characterized by:- 
(1) A high concentration of industry in relatively few companies. 
The number of companies runs to over a million, but the top 1000 
companies account for most of the goods and services produced. 
(2) A high degree of private ownership of these large companies. 
Normally, a large company will have thousands of owners, no one of 
whom owns more than a few percent of the company. 
(3) A "professional" management the companies are run by 
professional managers persons who consider their lifetime careers to 
be that of managing.. In addition under prevailing legal system of 
board of directors, the managers usually dominate the board. The 
managers and the concept of professional management are among the 
main strengths of the US economy. (18) 
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Innovation plays an important role throughout, owing to the rather unusual 
industrial history of the country. 
While quality control in Japan was introduced by the United 
States(U.S.A)prior to World War II, as demonstrated in the Japanese 
research and application of modern quality control.  
Before that, Japanese product quality was poor relative to international 
levels. These poor products were sold only at low prices.  
Therefore, the concepts and techniques of modern quality control were 
introduced by U.S.A immediately after World War II. The Japanese Union 
of Scientists and Engineers (JUSE) was established in April 1946 and has 
been at the core of quality control activities in Japan (Konto 1978). 
A famous American W. Edward Deming, accepted the invitation of JUSE 
to visit Japan in 1950. He lectured at JUSE 's 8 days quality control 
courses for engineers and quality control seminars for top management 
field in several large cities in Japan. His lectures at these seminars helped 
the Japanese participants to understand the importance of statistical quality 
control (SQC) in manufacturing industries Deming. W.E. (1986).(3) In 
recognitions of Deming's friendship and contribution to Japan at JUSE 's 
suggestion the Deming Prize was established in 1951 to encourage the 
development of quality control in Japan. 
1.1.4 Quality in Sudan 
One of the implications of the globalization process is the convergence of 
the world towards unification of the standards and quality of products, as 
institutionalized in ISO.  
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As a member of this globalization process, Sudan is embarking into 
improving standards of product and their quality to meet the ISO 
requirements. Sudan, as a developing country, has a long history into 
producing quality products and engaging into international trade and 
competition in a number of products. For example, during the Nubian 
Empire, Sudan has developed the first iron smelter (casting)  
Following this tradition, Sudan has produced quality long staple cotton to 
Manchester.  
Further-more, as recently as the mid of this decade, Sudan embarked in 
industrial activities to diversify its economy by building several factories. 
For example, Sudan has built El Shagara1 Ammunition Factory following 
standard requirement, albeit at lower standards. In addition, Sudan is 
producing beverages such as Pepsi Cola which is produced by Araak Ltd. 
Co. for beverages, and food industries and food ingredients such as wheat 
flour "mill", produced many mills, including El Mizab2 by Al Sayed Flour 
mills. 
This study will examine quality improvements in a sample of two 
factories. Factories must have a set target. The various functional areas 
should perform their parts to contribute to attainment of the target. 
Continuous improvement is increasingly necessary for economic survival 
in the global economy and is becoming a widely pursued goal. It is the 
only reliable route to sustaining market-place advantage for both 
"customer and supplier". 
                                                 
'     The name of the Ammunition Factory' will be used from now onwards to represent El Shagara Ammunition     
factory 
2   The name 'El Mizab' will be used from now onwards to represent AL Sayed Flour mills 
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Top mangers now understand much more clearly the importance of 
quality. Convinced by the threat of the consequences of product failure by 
the rapid shift of power to the buyers and by the demands of global 
competition in cost and performance and service. 
Quality has to be managed, it will not just happen. Clearly, it must involve 
everyone in the process and be applied throughout an organization. Failure 
to meet the requirements in any part of a quality chain has multiplication 
and failure in one part of the system creates problems else where, leading 
to a cycle of yet more failure and more problems. The price of quality to 
the continual examination of the requirements and the ability to meet them. 
This will lead to a continuing improvement philosophy. Most factories in 
the Sudan, among them the Ammunition Factory and El Mizab were faced 
with a number of bottlenecks affecting their performance. A number of 
problems are identified. These are related to input supply, inventory, 
maintenance activities and improved quality and reliability and reduced 
overall cost. A recent study on production optimization of the Ammunition 
Factory concentrated on the various functional areas of production.(23) 
The main focus was on inventory, quality control, maintenance activities 
and overall cost. The Ammunition Factory, like the rest of government 
producing units, was suffering from cost negligence syndrome. No attempt 
has been made in the history of that factory to operate economically. 
However, most recently, costing of production has been introduced to the 
factory. 
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1.2. Objectives of Study 
To this end the goal of the study would introduce the concept of 
controlling production, quality and maintenance activities in the nascent 
industries in Sudan , with emphasis on  adapting  and modifying Juran 
Triology to minimize losses and reduce the cost of production. In this 
process , the study will :  
• Determine the status quality of the two selected Ammunition and El 
Mizab Factories in Sudan. 
•  Investigate the reasons of low quality (if any) in the selected 
sample. 
• Derive control charts for effective quality of Ammunition and flour 
Factory : and  
• Conclude with specific recommendations to promote important 
quality of the Ammunition and Flour Factory. 
1.3. Methodology 
To achieve the above objectives , the study contributed , for the first time , to 
Juran triology in developing countries , setting , namely , infant industries in 
Sudan . with adapting Juran triology to the prevailing industrial conditions of 
Sudan , the posited methodology will examine empirically the data available to 
embed and improve quality in Sudanese industries . For this purpose the 
remaining subsection elaborated on the main pillars of the posited methodology 
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(A) Conceptual Framework 
The study will use concepts of Industrial Quality Control. This 
study project aims at finding ways and means of improving the 
performance of the factories. This is hoped to be achieved by 
examination of the following areas:- 
- Organization structure 
- Information and coordination systems 
- Inventory control 
- Total quality management 
- Maintenance procedures 
To study these areas in order to identify the salient aspects that 
influence the production performance. This can be recommended for 
the factories in general, Ammunition Factory & El Mizab.  
The study will use the well known models of control chart 
(B) Source of data:- 
The study will take the Ammunition Factory and El Mizab 
Factory as case studies. 
(C) Statistical Analysis:-  
Two methods of analysis will be used, the first is descriptive and 
the other method illustrated in preceding para. will be control 
charts. 
 
 
 
 10
 
 
 
 
CHAPTER TWO 
MANAGING FOR QUALITY 
 11
2. CHAPTER TWO 
MANAGING FOR QUALITY 
2.1. Introduction 
This chapter deals with the fundamental concepts that underlie the subject 
of managing for quality. It identifies the key processes through which 
quality is managed. It demonstrates that managing for quality is a timeless 
concept. To attain quality, it is essential to begin by establishing the 
"Vision" for the organization, along with policies and goals. Conversion of 
goals into results (making quality happen) is then done through managerial 
processes – sequences of activities that produce the intended results. 
Managing for quality makes extensive use of three such managerial 
processes along with strategic deployment:-. 
• Quality planning 
• Quality Control 
• Quality Improvement 
These processes are now known as the "Juran Trilogy" 
Table. (2-1) shows these unvarying sequences in abbreviated form. 
Extensive detail is provided in these chapters as follows: 
Chapter Two – Strategic deployment 
Chapter Three – The quality planning process 
Chapter Four – The quality control process 
Chapter Five – The quality improvement process 
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Table (2-1): The Three Universal Processes of Managing for 
Quality 
 [Adopted from Juran, J. M. (1989). The Quality Trilogy (19) 
Quality planning Quality control Quality improvement 
Establish quality goals Evaluate actual 
performance 
Prove the need 
Identify who the 
customers are 
Compare actual 
performance with 
quality goals 
Establish the 
infrastructure 
Determine the needs 
of the customers 
Act on the difference Identify the 
improvement projects 
Develop product 
features that respond 
to customers' needs 
 Provide the teams with 
resources, training, 
and motivation to: 
Develop processes 
able to produce the 
product features 
 Diagnose the causes 
Stimulate remedies 
Establish process 
controls; transfer the 
plans to the operating 
forces 
 Establish controls to 
hold the gains 
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Fig.(2-1): The Juran Trilogy Diagram 
 [Adopted from Juran, J. M. (1989). The Quality Trilogy: A Universal Approach to  
Managing for Quality, Juran Institute, Inc., Wilton, CT.] ( 1 ) 
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Before going deeply in managing for quality, an important definition is 
appropriate. 
2.2. Definition of Quality 
As alluded to in the preceding chapter, the word of "Quality" has many 
meanings. Among these definitions, two are of critical importance to 
managing for quality. 
1/ Quality refers to those features of products which meet customer needs 
and thereby provide customer satisfaction. In this sense, managing of 
quality is oriented to income. The purpose of such higher quality is to 
provide greater customer satisfaction and, one hopes, to increase income. 
However, providing more and /or better quality features usually involves 
increase in costs. Higher quality in this sense usually results in "Cost 
more". 
2/ Quality means freedom from deficiencies. Freedom from errors 
requires doing work over again (rework) that results in field failures, 
customer dissatisfaction, customer claims. In this sense, the meaning of 
quality usually "Cost less" 
table (2-2) Elaborates on those two definitions 
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Table (2-2): The Meanings of Quality 
 [Planning for quality, 2d ed, (1990), Juran Institute Inc., Wilton, CT, pp. 
1—10.] (19) 
Product features that meet 
Customer needs 
Freedom from deficiencies 
Higher quality enables 
companies to: 
Increase customer satisfaction. 
Make products saleable. 
Meet competition. 
Increase market share. 
Provide sales income. 
Secure premium prices. 
Higher quality enables  
Companies to: 
Reduce error rates. 
Reduce rework, waste. 
Reduce field failures, 
Warranty charges. 
Reduce customer dissatisfaction. 
Reduce inspection, test. 
Shorten time to put new products 
on the market. 
Increase yields capacity. 
Improve delivery performance. 
The major effect is on 
sales. 
Major effect is on costs. 
Usually, higher quality 
costs more. 
Usually, higher quality 
Costs less. 
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The reader may recall from chapter 1 that globalization focuses more on 
terms relevant to quality, in terms of ISO (necessary contribution). 
However, ISO alone is not sufficient to assure quality, standard, etc. Other 
necessary factors to be discussed in the following subsections are 
important in introducing quality control comprehensively and efficiently. 
These are part and parcel of a comprehensive strategic framework is 
introducing strategic deployment for quality as discussed below. 
2.3. Strategic deployment 
In recent years, total quality management (TQM) has become a persuasive 
change process and a natural candidate for inclusion in the strategic plan of 
many organizations. The integration of TQM and strategic planning is so 
natural, in fact, that the combination of TQM and strategic planning has 
become known by its own separate term. Unfortunately, different 
organizations have chosen different terms for this process. So, we have 
used a Japanese term, "hoshin kanri" others have partially translated the 
term and called it "hoshin planning". Still others have used a rough 
translation of the terms and called it "policy deployment". In an earlier 
version of the Malcolm Baldrige National Quality Award, (MBNQA), this 
process was called ((Strategic Quality Planning)) (SQP). We will try to 
highlight this difference and use the term strategic deployment (SD) 
throughout this section. 
This section describes the strategic deployment process and explains how 
it is managed within organizations. It addresses such important issues as: 
how to align strategic goals with the organization's vision and mission, 
how to deploy those goals throughout the organization, how to derive the 
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benefits of strategic deployment; how to benchmark; implementing of the 
ISO standards, and seeking quality awards. 
To this end, this chapter: 
1) Defines strategic quality deployment. 
2) Describes the benefits of strategic quality deployment. (SQD) 
3) Describes the systematic approach to (SQD) 
4) Address some of the issues surrounding the introduction of strategic 
quality deployment into an organization. "Benchmarking, ISO family, 
and Awards". 
2.3.1 Strategic deployment definition 
Strategic deployment (S.D) is a systematic approach to integrating 
customer – focused organization – wide improvement efforts with the 
strategic plan of the organization. More specifically, strategic deployment 
is a systematic process by which an organization defines its long-term 
goals with respect to quality, and integrates them – on an equal basis with 
financial, human resources, marketing, and research and development 
goals into one cohesive business plan. The plan is then deployed 
throughout the entire organization. 
2.3.2  The need for S.D "The benefits" 
The first question that often arises in the beginning stages of S.D in an 
organization is: why do it? Can it help us become a global competitor? To 
answer these questions require a look at the benefits that other 
organizations have realized from S.D. They report that S.D:- 
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1) Focuses the organization's resources on the activities that are essential 
to increasing customer satisfaction, lowering costs, and increasing 
shareholder value. 
2) Creates a planning and implementation system that is responsive, 
flexible, and disciplined. 
3) Encourages interdepartmental cooperation. 
4) Provides a process to execute break through year after year. 
5) Empowers managers and employees by providing them with the 
authority to carry out the planned activities. 
6) Eliminates unnecessary and wasteful team activities that are not in the 
plan. 
7) Eliminates the existence of many potentially conflicting plans – the 
finance plan, the marketing plan, the technology plan, and the 
improvement plan. 
8) Focuses resources to ensure financial plans are achievable. 
2.3.3 The strategic deployment process 
The strategic deployment process requires that an organization incorporate 
customers focus into the organization's vision, mission, values, policies, 
strategies, and long – and short – term goals and projects. 
The elements needed to establish strategic deployment are generally alike 
for all organizations. However, each organization's uniqueness will 
determine the sequence and pace of application and the extent to which 
additional elements must be provided, including the following important 
elements. 
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2.3.4 The elements of strategic deployment 
a. Establish a vision:- The major elements of strategic development 
includes statements of a vision , a mission, and identifying the key 
strategies of this vision.  
The vision simply represents a desired future state of the organization. The 
two important components of a vision are imagination and inspiration. 
Typically, a vision can be viewed as the ultimate goal of the organization 
for a determined time frame that may take five or even ten years to 
achieve. i.e., a vision summarizes the dream of an organization, with 
measurable objective within a time frame.  For example, a vision may 
inspire an organization or reflect its dream in concrete statements such as; 
“We will lead in delivering affordable, quality product that exceeds the 
service and value of our customers, expectations.” 
“To be the best producers of manufactured product and the easiest to do 
business with,” or 
“To be the number one provider of a product in the world.”  
b. Agree on a mission: - The mission reflects the purpose or reason for 
the organization’s existence. Simply stated, the mission identifies what we 
do and whom we serve. For example, “What business we are in.” A 
mission statement should clarify the organization's purpose or reason for 
existence. In fact, the mission at times justifies the reason for existence, 
creativity, productivity, marketability, usefulness, and customers’ 
satisfaction domestically and worldwide.  
In today’s competitive world, mission statements are also futuristic. For 
example, some organizations extend their reach through sound missions to 
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“be a leader in meeting the present and future needs of the people of our 
communities through a network of high – quality services, which share 
common goals and values.”  
c. Develop key strategies: - To be strategic or think strategically means 
to achieve the key success factors. These factors may include price, value, 
technology, market share, and culture that the organization must pursue. 
Strategies are sometimes referred to as "key objectives" or "long – term 
goals”. Goals reflect what the organization must achieve over a period of 
time, one to three year period. In this context, the time frame is desirable to 
bound the aim or end to which work effort is directed organizationally. 
Goals are referred to as "long term", exceeding two to three years and 
"short term", convening one to two years.  
Achievement of goals signals the successful execution of a strategy. 
The first step in converting the vision into an achievable plan is to break 
the vision into a small number (usually four or five) key strategies. Key 
strategies represent the most fundamental choices that the organization will 
make about how it will go about reaching its vision.  
In general, each strategy must contribute significantly to the overall vision.  
In strategic planning, the following definitions are widely use including 
this section:  
d. Value: Reflects “what the organization stands for and believes in.” 
while,  
e. Policies: Summarize “a guide to managerial action.” An organization 
may have policies in a number of areas such as quality, environment, 
safety, human resources, etc. these policies guide day – to – day decision 
making. 
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f. Projects: A project refers to an activity of duration (as long as 3 to 9 
months) that addresses a deployed goal, and whose successful competition 
contributes to assurance that the strategic goals are achieved. A project 
most usually implies assignment of selected individuals to a team which is 
given the responsibility and authority to achieve the specific goal. 
g. Deployment plan: Deploying a plan simply means turning a vision 
into action. In this context, the vision must be broken apart and translated 
into successively smaller and more specific parts – key strategies, strategic 
goals, etc. to the level of projects and even departmental actions. The 
detailed plan for decomposition and distribution throughout the 
organization is called the "deployment plan". It includes the assignment of 
roles and responsibilities and identification of resources needed to 
implement and achieve the project goals. fig.(2-2) 
Key performance indicators: These are measurements that are visible 
throughout the organization for evaluating the degree to which the 
strategic plan is being achieved.  
 
Fig.(2-2): Deploying the Vision (Juran/W) 
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2.4. Benchmarking 
The hottest and least understood new term in the quality field is 
"benchmarking". Benchmarking is an ongoing investigation and learning 
experience. It ensures that the best practices are uncovered, adopted, and 
implemented. Benchmarking is a process of industrial research that 
enables managers to perform company – to – company comparisons of 
processes and practices to identify the "best of the best" and to attain a 
level of superiority or competitive advantage. 
Benchmarking is a method of establishing performance goals and quality 
improvement projects based on industry best practices. It is one of the 
most exciting new tools in the quality field searching out and emulating 
the best can fuel the motivation of everyone involved, often providing 
benchmarking results. 
Benchmarking is not industrial espionage, but a few cautions are needed to 
study competition in an ethical and legal manner. 
The Japanese word "dantotsu" – striving to be the best of the best – 
captures the essence of benchmarking. It is a positive, proactive process to 
change operations in a structured fashion to achieve superior performance. 
The purpose of benchmarking is to gain competitive advantage. The 
formal definition of benchmarking is "the continuous process of measuring 
products, services, and practices against the company's toughest 
competitors or those companies renowned as industry leaders." 
The 10 – step process for conducting a benchmarking investigation are 
shown in fig. (2-3) below. 
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Fig.(2-3): Benchmarking process phases 
Analysis 
Planning 
Integration 
Action 
1. Identify benchmark subject 
2. Identify benchmark partner 
3a. Determine date collection 
method 
3b. Collect data 
4. Determine competitive gap 
5. Project future performance 
6. Communicate results 
7. Establish functional goals 
8. Develop action plans 
9. Implement plans and 
monitor results
10. Recalibrate benchmarks 
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2.5. The ISO 9000 family of International 
Standards 
The ISO 9000 standards exist principally to facilitate international trade. In 
the pre – ISO 9000 era, there were various national and multinational 
quality system standards. These were developed for military and nuclear 
power industry needs, and to a lesser extent, for commercial and industrial 
use. These various standards had commonalities and historical linkages. 
However, they were not sufficiently consistent in terminology or content 
for widespread use in international trade. The ISO 9000 standards have 
had great impact on international trade and quality systems implementation 
by organizations worldwide. These international standards have been 
adopted as national standards by over 100 countries and regional groups of 
countries. The ISO 9000 standards deal with the management systems used 
by organizations to design, produce, deliver, and support their products. 
The standards apply to all generic product categories: hardware, software, 
processed materials, and services. Specific ISO 9000 family standards 
provide quality management guidance, or quality assurance requirements, 
or supporting technology for an organization's management system. The 
standards provide guidelines or requirements on what features are to be 
present in the management system of an organization but do not prescribe 
how the features are to be implemented. The standards in the ISO 9000 
family are produced and maintained by technical committee 176 of ISO. 
The first meeting was held in 1980 and then published as shown in table 
(2.3) & table (2.4). 
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Table (2-3): The ISO 9000 Family of International Standards 
ISO 8402 Quality Vocabulary (1994) 
ISO 9000 Quality Management and Quality Assurance standards 
Part 1: Guidelines for Selection and Use (1994) 
Part 2: Generic Guidelines for the Application of ISO 9001, ISO 
9002, and ISO 9003 (1993) 
Part 3: Guidelines for the Application of ISO 9001 to the 
Development, Supply, and Maintenance of Software (1991, reissue 
1993) 
Part 4: Application for Dependability Management (1993) 
ISO 9001 Quality Systems—Model for Quality Assurance in Design, 
Development, Production, Installation and Servicing (1994) 
ISO 9002 Quality Systems—Model for Quality Assurance in Production, 
Installation, and Servicing (1994) 
ISO 9003 Quality Systems—Model for Quality Assurance in Final Inspection 
and Test (1994) 
ISO 9004 Quality Management and Quality System Elements 
Part 1: Guidelines (1994) 
Part 2: Guidelines for Services (1991, reissue 1993) 
Part 3: Guidelines for Processed Materials (1993) 
Part 4: Guidelines for Quality Improvement (1993) 
ISO 10005 Quality Management—Guidelines for Quality Plans (1995) 
ISO 10007 Guidelines for Configuration Management (1994) 
ISO 10011 Guidelines for Auditing Quality Systems 
Part 1: Auditing (1990, reissue 1993) 
Part 2: Qualification Criteria for Quality Systems Auditors (1991, 
reissue 1993) 
Part 3: Management of Audit Programs (1991, reissue 1993) 
ISO 10012 Quality Assurance Requirements for Measuring Equipment 
Part 1: Management of Measuring Equipment (1992) 
ISO 10013 Guidelines for Developing Quality Manuals (1994) 
Source, Marquardt, D. W., et al. (1991). "Vision 2000: The Strategy for the ISO 90001 
Series Standards in the '90s," Quality Progress, May, pp. 25—31. 
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Table (2-4):  International Standard ISO 9001: 1994 (E) 
Quality systems—Model for quality assurance in design, development, 
production, installation, and servicing 
Clause titles 
1 Scope 
2 Normative reference 
3 Definitions 
4 Quality system requirements 
4.1 Management responsibility 
4.2 Quality system 
4.3 Contract review 
4.4 Design control 
4.5 Document and data control 
4.6 Purchasing 
4.7 Control of customer-supplied product 
4.8 Product identification and traceability 
4.9 Process control 
4.10 Inspection and testing 
4.11 Control of inspection, measuring, and test equipment 
4.12 Inspection and test status 
4.13 Control of nonconforming product 
4.14 Corrective and preventive action 
4.15 Handling, storage, packaging, preservation, and delivery 
4.16 Control of quality records 
4.17 Internal quality audits 
4.18 Training 
4.19 Servicing 
4.20 Statistical techniques 
Moreover, ISO 9000 is required to follow international standards. Industries in Sudan 
should not be an exception to the rule. The reason is obvious. Indeed the standards 
apply to all types of companies whether large, scale or small-scale, in both the service 
and manufacturing sectors. It is paramount to introduce briefly the ISO 9000.  
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2.5.1 Requirements of the ISO 9000 
First – the discipline imposed by the standards for processes influencing 
your quality management system can enhance your company's quality 
consistency. 
Second – more and more companies, both here at home and 
internationally, are requiring their suppliers to be ISO 9000 registered. 
To qualify for the ISO registration, each applicant should satisfy the 
following: 
2.5.2 Legal Requirement 
Some companies are implementing ISO 9001, ISO 9002, or ISO 9003 
because registration is a legal requirement in certain product sectors to 
enter a particular marketplace, such as the European Community, or 
because registration helps to meet national regulations. 
2.5.3 Contractual Requirements: 
Customers are requesting suppliers to become registered as a contractual 
requirement. Companies are being asked by their customers or purchasers 
of their products and services to become registered to ISO 9001, ISO 9002, 
or ISO 9003 as a pre – condition to placing a contractual purchase order. 
2.5.4 Subcontractor Registration 
The ISO 9001 and ISO 9002 standards require the suppliers to ensure that 
materials, components, and other products purchased from subcontractors 
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conform to specified requirements. Consequently, an increasing number of 
companies are requiring that their subcontractors become registered, even 
though the ISO 9001, ISO 9002 standards do not specifically require 
registration of subcontractors. 
2.5.5 Reducing Multiple Assessments 
Another reason interest in ISO 9000 registration has increased is that it 
promises to reduce the need for multiple assessments. Customers wishing 
to buy products from one or more suppliers often find it necessary to audit 
each supplier's quality system. Suppliers, in turn must undergo multiple 
assessments to sell to different customers. ISO 9000 registration reduces 
the need for multiple assessments based on the confidence that a quality 
system is in place. 
2.5.6 Liability Concerns 
Legal concerns are also driving registration. Some companies register a 
quality system, at least in part for the role registration may play in product 
liability defense. The existence of a documented quality system may 
minimize liability claims. 
2.5.7 The Marketplace 
One of the greatest motivation for ISO registration is market pressure. 
Companies are implementing the ISO 9000 services to keep up with 
competitors who are registered and to distinguish themselves from any non 
– registered competitors. 
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Part of this, drive stems from the global trend toward quality that emerged 
during the last decade. 
2.5.8 Internal Improvement 
Another reason for ISO registration is a belief in the process itself. Many 
companies that have implemented the standards have realized 
improvements in productivity, reduced repair and rework costs, and have 
made other efficiency gains. The ISO 9000 standards can also be used as a 
foundation or a building block for implementing broader quality systems 
such as total quality management (TQM) and for meeting more stringent 
quality goals such as the criteria of the Malcolm Baldrige National Quality 
Award (MBNQA) in the United States†. 
2.5.9 The impact of national and international quality 
awards on total quality management 
One of the most useful trends in the past decade has been the self – 
assessment activities of many companies throughout the world. Companies 
worldwide are using the criteria of the (MBNQA), the European quality 
Award, the Deming Application Prize, and many other national quality 
awards to assess their current performance against a reasonable set of 
guide – lines for total quality, as illustrated in the following figures. 
Fig. (2.6) & table (2.5) illustrate the criteria. An application of the 
recommended approach is illustrated in the case of flour milling mission 
and El Mizab. 
                                                 
The act was signed by president Ronald Reagan on August 20th. , 1987 and became public law 106 – 107†  
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Table (2-5):  Malcolm Baldrige National Quality Award 
1998 Criteria for Performance Excellence, U.S. Department of Commerce, National 
Institute of Standards and Technology, National Quality Program, Gaithersburg, MD. 
1995 Examination Items and Points Values 
1.0 Leadership (110 points) 
 1.1 Leadership System (80) 
 1.2 Company Responsibility and Citizenship (30) 
2.0 Strategic Planning (80 points) 
 2.1 Strategy Deployment Process (40) 
 2.2 Company Strategy (40) 
3.0 Customer and Market Focus (80 points) 
 3.1 Customer and Market Knowledge (40) 
 3.2 Customer Satisfaction and Relationship 
Enhancement (40) 
4.0 Information and Analysis (80 points) 
 4.1 Selection and Use of Information and Data (25) 
 4.2 Selection and Use of Comparative Information and 
Data (15) 
 4.3 Analysis and Review of Company Performance (40) 
5.0 Human Resource Focus (100 points) 
 5.1 Work Systems (40) 
 5.2 Employee Education (30) 
 5.3 Employee Well-Being and Satisfaction (30) 
6.0 Process Management (100 points) 
 6.1 Management of Product and Service Processes (60) 
 6.2 Management of Support Processes (20) 
 6.3 Management of Supplier and Partnership Processes 
(20) 
7.0 Business Results (450 points) 
 7.1 Customer Satisfaction Results (125) 
 7.2 Financial and Market Results (125) 
 7.3 Human Resource Results (50) 
 7.4 Supplier and Partner Results (25) 
 7.5 Company-Specific Results (125) 
Total Points 1000 
Source: National Institute of Standards and Technology, 1998 Criteria for Performance 
Excellence, Malcolm Baldrige National Quality Award, Gaithersburg, MD, 1998. 
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Fig.(2-4): The Malcolm Baldrige Criteria for Performance Excellence 
Framework 
A systems perspective. (National Institute of Standards and Technology, 1998, p. 43.) (19)
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3. CHAPTER THREE 
QUALITY PLANNING PROCESS 
Historically, the quality planning process and its associated methods, tools, 
and techniques have been developed to meet the needs of modern society. 
This is particularly needed universally to demonstrate consistent standards to 
produce and to achieve goals of quality services to satisfy customers. In 
addition, such standards would reduce costs of production and minimize 
“quality gaps”. These gaps are really a result of a number of smaller gaps, as 
illustrated in fig. 3.1. The first component of the quality gap is the 
understanding gap, that is, lack of understanding "the customer needs". 
Sometimes this gap opens up because the producer simply fails to consider 
"Who the customers are" and "what they need". More often the gap is there 
because the supplying organization has erroneous confidence in its ability to 
understand exactly "what the customer really needs". The final perception 
gap in fig. (3.1) also arises from a failure to understand the customer and the 
customer needs. Customers do not experience a new suit of clothes or the 
continuity in service from a local utility simply based on the technical merits 
of the product. 
Customers react to how they perceive the good or service provides them with 
a benefit. The second constituent of the quality gap is a design gap. Even if 
there were perfect knowledge about customer needs and perceptions, many 
organizations would fail to create designs for their goods and services that are 
fully consistent with that understanding. Some of this failure arises from the 
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fact that the people who understand customers and the disciplines they use 
for understanding customer needs are often systematically isolated from 
those who actually create the designs. In addition, designers – whether they 
design sophisticated equipment or delicate human services – often lack the 
simple tools that would enable them to combine their technical expertise with 
an understanding of the customer needs to create a truly superior product. 
The third gap is the process gap. Many splendid designs fail because the 
process by which the physical product is created or the service is delivered is 
not capable of conforming to the design consistently time after time. This 
lack of process capability is one of the most persistent and bedeviling failures 
in the total quality gap. The fourth gap is the operations gap. The means by 
which the process is operated and controlled may create additional 
deficiencies in the delivery of the final good or service. 
Customer Expectations  
  Understanding gap 
 Understanding of needs  
  Design gap 
Design of product  
 Process gap 
 
Quality Gap 
Capability to deliver 
Design 
 
  Operation gap 
 Actual Delivery  
  Perception gap 
Customer Perception of Delivery  
Fig.(3-1): The Quality Gap and Its Constituent Gaps 
"A Conceptual Model for Service Quality and Its Implications for Further 
Research" 
Journal of Marketing fall PP. 41 – 50 
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3.1. The quality planning solution 
As indicated before, quality planning provides the process, methods, tools, 
and techniques for closing each of these component gaps and thereby 
ensuring that the final quality gap is at a minimum. Fig. 3.2 summarizes at 
a high level the basic steps of quality planning. The remainder of this 
section will provide the details and designed study for each of these steps. 
 
 
 
 
Fig.(3-2): Quality Planning Steps 
((Juran Institute, Inc, copyright 1994,)) (19) 
3.2. Step 1: To establish the project 
 Provides the clear goals, direction, and infrastructure required if the 
constituent quality gaps are to be closed. The next step identify the 
customers, provides for systematic identification of all the customers. It is 
impossible to close the understanding gap if there is the least bit of 
uncertainly, fuzziness, or ignorance about who all the customers are. 
The discovery of customer needs in the third step provides the full and 
complete understanding required for a successful product design to meet 
Establish the project 
Identify the customers 
Discover the customer needs 
Develop the product 
Develop the process 
Develop the controls and transfer to operations 
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those needs. It also evaluates customer perceptions explicit so that the final 
perception gap can be avoided. 
The Develop Product step uses both quality planning tools and the 
technology of the particular industry to create a design that is effective in 
meeting the customer needs, thereby closing the design gap. 
The Process Gap is closed in the next step, develop process. Quality 
planning techniques ensure that the process is capable of delivering the 
product as it was designed, consistently, time after time. 
Finally, the operation gap is closed by developing process controls that 
keep the process operating at its full capability, successful elimination of 
the operations gap also depends on an effective transfer of the plan to the 
operating forces. A strong transfer plan, executed well, will provide 
operations with all the processes, techniques, materials, equipment, skills, 
and so on to delight customers on a continuing basis. 
The remainder of this section will provide details, practical guidance, and 
designed study for each of these steps. Case studies will be implied to 
relate Elsayed Flour Mill "El Mizab" and Ammunition Factory. 
3.2.1 Establish the Project 
Before moving ahead with any product development one expect 
establishing a team to carry out the project, and agreed to a clear mission 
with a short version. Whenever a large group of people from various 
functional organizations is brought to work on project, there is a natural 
tendency to bring a lot of their "home office priorities and objectives" to 
the team. Unattended, these home office priorities can diffuse the team's 
focus and create a significant amount of conflict within the team. 
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To address this issue, the team chose the statement ((short version)) to 
align the efforts of all team members and to focus them on a single 
objective. This statement should be simple and effective way to galvanize 
the team around the fact that there is one common purpose and a single 
super ordinate objective. 
Specifically, this meant that all team members could adjudicate their daily 
decisions and actions consistent with the overall team objective of making 
the product a reality and success. Program goals were established for 
number of separate parameters.  
3.2.2 Establish Team 
Team involvement promotes sharing of ideas, experiences, and a sense of 
commitment to being a part of and helping "our" organization achieve its 
goal. 
The diversity of team members brings a more complete working 
knowledge of the product and processes to be planned. Planning a product 
requires a through understanding of how things are done in many parts of 
the organization. 
Representation from various departments or functions promotes the 
acceptance and implementation of the new plan throughout the 
organization. Products or processes designed with the active participation 
of the affected areas tend to be technically superior and accepted more 
readily by those who must implement them. 
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3.2.3 Guidelines for Team Selection 
When selecting a team, the quality council identifies those parts of the 
organization which have a stake in the outcome. There are several places 
to look:- 
Those who will be most affected by the result of the project. 
Departments or functions responsible for various steps in the process. 
Those with special knowledge, information, or skill in the design of the 
project. 
Areas that can be helpful in implementing the plan. 
3.3. Step 2: Identify the customers 
This step may seem unnecessary: of course, the planners and designers 
know their customers are: the driver of the automobile, the depositor in the 
bank account, the patient who takes the medication. But these are not the 
only customers – not even necessarily the most important customers. 
Customers comprise an entire cast of characters that needs to be 
understood fully. 
Generally, there are two primary groups of customers: the "External 
Customers" – those outside the producing organization; and the "internal 
customers" – those inside the producing organization. 
3.3.1 Types of External Customers 
The term "customer" is often used loosely; it can refer to an entire 
organization, a unit of a large organization, or a person. There are many 
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types of customers – some obvious, others hidden. Below is a listing of the 
major categories to help guide complete customer identification. 
The purchaser Someone who buys the product for 
himself or herself or for someone else, 
e.g., anyone who purchases food for his 
or her family. 
The end user/ultimate 
customer 
Someone who finally benefits from the 
product, e.g., the patient who goes to 
health care facility for diagnostic 
testing. 
Merchants People who purchase products for 
resale, wholesalers, distributors, travel 
agents and brokers, and anyone who 
handles the product, such as a 
supermarket employee who places the 
product on the shelf. 
Processors Organizations and people who use the 
product or output as an input for 
producing their won product, e.g., a 
refinery that receives crude oil and 
processes it into different products for a 
variety of customers. 
Suppliers Those who provide input to the process, 
e.g., the manufacturer of the spark 
plugs for an automobile or the law firm 
that provides advice on the company’s 
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environmental law matters. Suppliers 
are also customers. They have 
information needs with respect to 
product specification, feedback on 
deficiencies, predictability of orders, 
and so on. 
Original equipment 
manufacturers (OEMs) 
Purchasers of a product to incorporate 
into their own, e.g., a computer 
manufacturer using another producer’s 
disk drives for its computers. 
Potential customers Those not currently using the product 
but capable of becoming customers; 
e.g., a business traveler renting a car 
may purchase a similar automobile 
when the time comes to buy one for 
personal use. 
Professional association An assortment of different customers 
who are easily overlooked because they 
may not come to mind readily. They 
can exert great influence over the 
product design: regulators, critics, 
opinion leaders, testing services, 
payers, the media, the public at large, 
those directly or potentially threatened 
by the product, corporate policymakers, 
labor unions, professional associations. 
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3.3.2 Internal Customers 
Every one inside an organization plays three roles: supplier, processor, and 
customer. Each individual receives something from someone, does 
something with it, and passes it to a third individual. Effectiveness in 
meeting the needs of these internal customers can have a major impact on 
serving the external customers. Identifying the internal customers will 
require some analysis because many of these relationships tend to be 
informal, resulting in a hazy perception of who the customers are and how 
they will be affected. For example, if a company decides to introduce just-
in-time manufacturing of one of its plants, this will have significant effect 
on purchasing, shipping, sales, operations, and so on. 
Most organizations try to set up a mechanism that will allow seemingly 
competing functions to negotiate and resolve differences based on the 
higher goal of satisfying customer needs. This might include conducting 
weekly meetings of department heads or publishing procedure manuals. 
However, these mechanisms often do not work because the needs of 
internal customers are not fully understood, and communication among the 
functions breaks down. This is why a major goal in the quality planning 
process is to identify who the internal customers are, discover their needs, 
and plan how those needs will be satisfied. This is also another reason to 
have a multifunctional team involved in the planning: these are people who 
are likely to recognize the vested interests of internal customers. 
These terminologies, defined above, will be applied to the two case studies 
(El Mizab and Ammunition Factory). 
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3.4. Step 3: Discover Customer Needs: 
Operationally, discover customer needs is a complex task. However, 
experience shows that customers usually do not state, in simple terms, 
exactly what they want; often they do not even mention some of their most 
basic needs. The most common instruments to identify customer needs 
include, among others, are general customer surveys. Some of the most 
common ways to collect customer needs include:- 
• Customer surveys, focus groups, and market research programs 
and studies 
• Routine communications, such as sales and service calls and 
reports, management reviews, house publications 
• Tracking customer complaints, incident reports, letters, and 
telephone contacts 
• Simulated-use experiments and planning processes that involve 
the customer 
• Employees with special knowledge of the customer: sales, 
service, clerical, secretarial, and super-visory who come into contact with 
customers 
• Customer meetings 
• User conferences for the end user 
• Information on competitors' products 
• Personal visits to customer locations; observe and discuss 
How product is used 
Unintended uses 
Service failures by others 
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What current or new features will relieve onerous tasks 
Changes in habits and culture 
Changes in sales 
Existence of or changes in premium prices 
Sale of spare parts or after-sale service 
Purchase of options 
• Government or independent laboratory data 
• Changes in federal, state, and local regulations that will identify 
current need or new opportunity 
• Competitive analysis and field intelligence comparing products 
with those of competitors 
• Personal experience dealing with the customer and the product 
(However, it is important to be cautious about giving personal experience 
too much weight without direct verification by customers. The analysts 
must remember that looking at customer needs and requirements from a 
personal viewpoint can be a trap.) 
Often customers do not express their needs in terms of the benefits they 
wish to receive from purchasing and using the product. 
3.4.1 Human Safety 
Some companies produce by products that threaten human health, safety, 
and the environment. The extent of all this is so great that much of the 
effort of product and process planning must be directed at reducing these 
risks to an acceptable level. Numerous laws, criminal and civil, mandate 
such efforts e.g. potassium Bromide used as baking improvement. 
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3.4.2 Promptness of service 
Services should be prompt. In our culture a major element of completion is 
promptness of service. 
Still another example is the growing use of Just-in-time manufacturing, 
which requires dependable deliveries of materials to minimize inventories. 
All such examples demonstrate the need to include the element of 
promptness in planning to meet customer needs. 
3.5. Step 4 & 5: Develop product and process 
Once the customers and their needs are fully understood. We are ready to 
design the product and process that will meet those needs best. The outputs 
product designs are detailed designs, drawings, models, procedures, 
specifications and so on. 
• Criteria for design. 
All designs must fulfill the following criteria: 
- Meet the customers' needs. 
- Meet the suppliers' and producers' needs. 
- Meet (or beat) the competition 
- Optimize the combined costs of the customers and suppliers. 
Once the product is developed, it is necessary to determine the means by 
which the product will be created and delivered on a continuing basis. 
These means are, collectively, the process. 
"Process development" is the set of activities for defining the specific 
means to be used by operating personnel for meeting product quality goals. 
Some related concepts include:-  
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Sub processes: large processes may be decomposed into these smaller 
units for both the development and operation of the process. 
Activities: The steps in a process or sub process. 
Tasks: The detailed step – by – step description for execution of an 
activity. 
In order for a process to be effective, it must be goal oriented, with specific 
measurable outcomes' systematic, with the sequence of activities and tasks 
fully and clearly defined and all inputs and outputs fully specified, and 
capable. The above major activities involved in developing a process are: 
1/ Review product goals. 
2/ Set & publish final processes design 
3.6. Step 6: Develop process controls 
Transfer to operations:- 
In this step, planners develop controls for the processes, arrange to transfer 
the entire product plan to operational forces, and validate the 
implementation of the transfer. There are even major activities in this step. 
• Identify controls needed. 
• Design feedback loop. 
• Optimize self-control and self-inspection. 
• Establish audit. 
• Demonstrate process capability and controllability. 
• Plan for transfer to operations. 
Implement plan and validate transfer. 
Once planning is complete, these plans are placed in the hands of the 
operating departments. It then becomes the responsibility of the 
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operational personnel to manufacture the goods or deliver the service and 
to ensure that quality goals are met precisely and accurately. They do this 
through a planned system of quality control. Control is largely directed 
toward continuously meeting goals and preventing adverse changes from 
affecting the quality of the product. Another way of saying this is that no 
matter what takes place during production (change or loss of personnel, 
equipment or electrical failure, changes in suppliers, etc.), workers will be 
able to adjust or adapt the process to these changes or variations to ensure 
that quality goals can be achieved. 
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4. CHAPTER FOUR 
THE QUALITY CONTROL PROCESS 
4.1. Introduction 
Quality control is one of the three basic managerial processes through 
which quality can be managed. The others are quality planning and quality 
improvement, which are discussed in chapters 3 and 5, respectively. 
Moreover, the Jurans trilogy diagram (fig.2.1) showed the interrelation of 
these processes.  
Furthermore, the quality control process is a universal managerial process 
for conducting operations so as to provide stability, to prevent adverse 
change and to “maintain the status quo”.  
This chapter extends the concept of quality control through the use of the 
feedback loop. The elements of the feedback loop are depicted in fig. (4.1) 
below. 
 
 
Fig.(4-1): The generic feedback loop  
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Fig.(4-2): The quality control process  
4.2. The Use of the feedback Loop 
The above mentioned quality control process may be applied all through 
the following: 
- Incoming material control 
- Product control 
- Process capability study 
- Setting up a machine for a production run 
- Pre – control 
- In process control 
- Final inspection 
- Quality audit and verification inspection 
- Control of quality in packing and transport 
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These points are extensively elaborated with the analysis of the two 
selected factories practice towards product control in the chapter to come. 
4.3. Disposition of unfit product 
Unfit product is disposed of in various ways: scrap, sort, rework, return to 
supplier, sell at a discount. The internal cast can be estimated to arrive at an 
economic optimum. However, the effects go beyond money: schedules are 
disrupted, people are blamed. 
To minimize the resulting human abrasion, one should establish rules of 
conduct such as: avoid looking for blame. Instead, treat the loss as an 
opportunity for quality improvement. 
Failure to use products which meet customer needs is a waste. Sending out 
products which do not meet customer needs is worse. Personnel who are 
assigned to make product conformance decisions should be provided with 
clear definitions of responsibility as well as guidelines for decision making. 
Managers should, as part of their audit, ensure that the processes for making 
product conformance decisions are appropriate to company needs. 
4.4. Quality campaign and control through the 
reward system 
A survey of companies that use T.Q.M (Lawler et al. 1995) shows that 
people are motivated by success in making improvements and satisfying 
customers. In organization where there is a very positive perception of TQM 
effectiveness, worker satisfaction is also positive. These natural rewards can 
be very powerful. These intrinsic motivators are things that make the job 
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more interesting or stimulating, that build competence and pride, that 
promote self – control, and that result in a sense of purpose and achievement 
for the employee. This will contribute to them sense of ownership, to good 
result, to what Deming called "joy in the workplace". 
4.5. Motivation, Recognition, Reward 
To meet the new competition in quality has required company personnel to 
adopt to numerous changes such as:- 
- quality is to receive top priority. 
- Personnel are to accept training in various quality–related disciplines. 
- A new responsibility quality improvement – is added to the traditional 
list of responsibilities. 
- The use of teams requires the personnel to learn how to behave as team 
members. 
It is recognized that for such changes to be accepted, it is necessary to make 
revisions with respect to motivation. The companies responded by increasing 
the use of recognition and, to a lesser degree, by revising the reward systems. 
As used here, rewards "refers to salaries, salary increases, non uses, 
promotions and so on resulting from the annual review of employee 
performance. Recognition "as used here means" "public acknowledgement of 
superior performance". The organization must earn the commitment of 
employee by continuously demonstrating that the employees are valued 
members of the organization, and by appropriately recognizing and 
rewarding them. Performance should be visibly communicated by using 
score boards and graphs. 
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4.6. Quality campaigns 
Employee participation in better quality committees, periodic slogan and 
poster – campaign in the plant meeting hall "the cafeteria" and both 
preliminary and refresher training of operators are examples of this 
educational activity. Top management may pay more attention to these 
activities. Specially the factory production – control system impair shop 
morale by imposing an excessive rejects. So the results of the weekly 
analysis of the output, should be posted prominently in the cafeteria of the 
plant in the form of two charts. One chart shows the percentage of effective 
jobs for each operation. The second chart shows the percent nonconforming 
trend of all jobs passing through final inspection. Plant personnel may feel 
that they have gained considerable advantage from the activities of their 
shop. Among these advantages the plant may list:- 
i- Ease and economy of the operation of activity. 
ii- Its complete analysis of shop quality. 
iii- Its provision for continually monitoring. 
iv- Its indication of the effects of corrective action. 
v- The fashion in which the activities point out these individuals 
– operators, or others who require further instruction. 
vi- The reductions in losses and increases in output that have 
accompanied operation of the activities. 
vii- The reductions in inspection time that have resulted from 
quality improvements developing from operation of the 
procedures. 
 
53 
CHAPTER FIVE  
QUALITY IMPROVEMENT 
54 
5. CHAPTER FIVE  
QUALITY IMPROVEMENT 
5.1. Introduction 
The purpose of this chapter is to explain the nature of quality improvement 
and its relation to managing quality, show how to establish quality 
improvement as a continuing process that goes on year after year, and define 
the action plan and the roles to be played, including those of upper 
management. 
As a working definition in this chapter, the word "improvement" means "the 
organized creation of beneficial change; the attainment of unprecedented levels 
of performance". Accordingly, a quality improvement to increase income may 
consist of the following actions: 
(i) Product development to create new features that provide greater customer 
satisfaction and hence may increase income. 
(ii) Business process improvement to reduce the cycle time for providing 
better service to customers. 
Similarly, quality improvement to reduce deficiencies that create chronic 
waste may consist of the following actions: 
(i) Increase of the yield of factory processes. 
(ii) Reduction of the error rates in offices. 
(iii) Reduction of field failures. 
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In both cases, the end results in called "quality improvement". However, the 
processes used to secure these results are fundamentally different, and for a 
subtle reason. Quality improvement to increase income starts by setting new 
goals, such as new product features and shorter cycle times. Meeting such new 
goals requires several kinds of planning, including quality planning.  
In the case of chronic waste, the product goals are already in place; so are the 
processes for meeting those goals. However, the resulting product (goods and 
services) do not all meet the goals. As a consequence, the approach to reducing 
chronic waste is different from the quality planning roadmap. Instead, the 
approach consists of  
(1) discovering the causes – i.e., why do some products meet the goal and 
others do not, and  
(2) applying remedies to remove the causes. Indeed, the approach to quality 
improvement is the subject of this chapter. The remainder of the chapter focuses 
on "how to do it".   
These include: 
(i) The basic concepts that underlie quality improvement. 
(ii) How to mobilize a company's resources so as to make quality 
improvement an integral part of managing the company. 
(iii) The improvement process itself – the universal sequence of steps for 
making any improvement. 
(iv) How to "institutionalize" improvement so that it goes on and on, year 
after year. 
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5.2. Quality improvement: The basic concepts 
The quality improvement process rests on a base of certain fundamental 
concepts. For most companies and managers, annual quality improvement is not 
only a new responsibility, but also a radical change in the style of management 
(such as a change in company culture). Therefore, it is important to grasp the 
basic concepts before getting into the improvement process itself. 
This study also distinguishes improvement from control. The trilogy diagram 
fig.(2-1) shows the difference. It is to be noted that. In this figure; the chronic 
waste level (the cost of poor quality) was originally about 23 percent of the 
amount produced. This chronic waste was built into the process – "it was 
planned that way". Later, a quality improvement project reduced this waste to 
about 5 percent. In Juran’s definition, this reduction in chronic waste is an 
improvement (i.e., it attained an unprecedented level of performance). 
Fig. (2-1) also shows a "sporadic spike" – a sudden increase in waste to about 
40 percent. Such spikes are unplanned – they arise from various unexpected 
sources. The personnel prompting get rid of that spike and restored the previous 
chronic level of about 23 percent. This action did not meet the definition of an 
improvement, because it did not attain an unprecedented level of performance. 
Usual names for such actions are "trouble shooting", "corrective action", or "fire 
fighting". 
5.2.1 Mobilizing for quality improvement 
As it turned out, mobilizing for improvement requires tow levels of activity, as 
shown in table. (5-1). 
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Table (5-1):  Mobilizing for Quality Improvement 
(from Juran's Quality Handbook, 1999.) 
Activity by management Activities by teams 
Establish quality councils Analyze symptoms 
Select projects; write mission 
statements 
Theorize as to causes 
Assign teams Test theories 
Review progress Establish causes 
Provide recognition and rewards Stimulate remedies and controls 
5.2.2 The quality council 
The first step in mobilizing for quality improvement is to establish a factory's 
quality Council (or similar institution). The basic responsibility of this council 
is to launch, coordinate, and "institutionalize" annual quality improvement. 
Such councils have been established in many companies. Their experiences 
provide useful guide lines. 
5.2.3 Membership of the council 
 Council membership is typically drawn from the ranks of senior managers. 
Often the senior management committee is also the quality council. Experience 
has shown that quality councils are most effective when upper managers are 
personally the leaders and members of the senior quality councils. 
5.2.4 The project team and membership 
For each selected project, a team is assigned. This team then becomes 
responsible for completing the project. The most important projects are the vital 
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few, and they are almost invariably multifunctional in nature. The symptoms 
typically show up in one department, but there is no agreement on where the 
causes lie, what are the causes, or what the remedies should be. Experience has 
also shown that the most effective organizational mechanisms for dealing with 
such multifunctional problems are multifunctional teams. 
Some managers prefer to assign problems to individuals rather that to teams. 
The concept of individual responsibility is in fact quite appropriate if applied to 
quality control (that is, "the best form of control is self–control"). However, 
improvement, certainly for multifunctional problems, inherently requires teams. 
For such problems, assignment to individuals runs severe risks of departmental 
biases in both the diagnosis and remedy.  
Usually the team is selected by the sponsor after consulting with the 
concerned managers. The selection process includes due consideration for  
(1) concerned departments to be represented in the team,  
(2) choose suitable level in the hierarchy team members, and  
(3)  assign individuals in that level.  
Nonetheless, there is a need for flexibility. 
Most teams are organized for a specific project and are disbanded on 
completion of the project. Such teams are called ad hoc, meaning "for this 
purpose." However, there are also "standing" teams that have continuity – the 
members remain together as a permanent team, responsible for undertaking 
project after another. Most teams consist of six to eight members. Larger 
members tend to make the team unwieldy as well as costly. 
The following table compares the usual features of quality circles with these of 
multifunctional teams. 
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Table (5-2):  Contrast, Quality circles, and Multifunctional 
Teams 
Source: Making Quality Happen, 1988, Juran Institute, Wilton,CT, p. D30. 
Feature Quality circles Project teams 
Primary purpose To improve human 
relations 
To improve quality 
Secondary purpose To improve quality To improve 
participation 
Scope of project Within a single 
department 
Multidepartmental 
Size of project One of the useful many One of the vital few 
Membership From a single 
department 
From multiple 
departments 
Basis of membership Voluntary Mandatory 
Hierarchical status of 
members 
Typically in the 
workforce 
Typically managerial 
or professional 
Continuity Circle remains intact, 
project after project 
Team is ad hoc, 
disbands after project 
is completed 
5.2.5 Team organization 
Quality improvement teams do not appear on the organization chart. Each 
"floats", i.e., it has no personal boss. Instead, the team is supervised 
impersonally by its mission statement and by the quality improvement roadmap. 
The team does have its own internal organizational structure. This structure 
invariably includes a team leader (sometimes referred to as a chair person) 
and a team secretary. In addition, there is usually a facilitator. These 
organizational structures follow a model of the infrastructure. In these 
models, there are several ways to show, in graphic form, the infrastructure for 
quality improvement (including the elements of the organization, how they 
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relate to each other, and the flow of events). Fig. 5.1 shows the successful 
team. 
 
 
Fig.(5-1): The Environmental Characteristics Needed for Team to 
Succeed 
Sources (from international centre for quality – paper published 
2003.) 
Fig. (5-2) shows the elements of infrastructure in a pyramid form. The pyramid 
depicts a hierarchy consisting of top management, the autonomous operating 
units, and the major staff functions. At the top of the pyramid is the corporate 
quality council and the subsidiary councils, if any. Below these levels are the 
multifunctional quality improvement teams. There may be a committee 
structure between the quality councils and the teams. 
At the intradepartment level are teams from the work force (i.e., quality circles 
or other similar forms). This infrastructure permits employees in all levels of 
Successful  
Team  
Positive Constructive
Mutually respective 
Non-Hostile 
Mutually 
Supportive 
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organization to participate in quality improvement projects (that is, the useful 
many and the vital few). 
 
 
Fig.(5-2): Model of the Infrastructure for Quality Improvement 
(From Visual GMQH15, Juran Institute, Inc., Wilton, CT.) 
5.2.6 Responsibilities  
It is important for each council to define and publish its responsibilities so that 
(1) the members agree on their mission, and (2) the rest of the organization can 
become informed about upcoming events.  
Experience showed that many quality councils have published their statements 
of responsibility. In general, common elements of these statements included: 
(i) Formulation of the quality policies, such as focus on the customer, quality 
accorded top priority, continuous quality improvement, universal 
participation, or the reward system reflecting performance on improvement. 
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(ii) Estimating major dimensions, such as status of quality compared with 
competitors, extent of chronic waste, adequacy of major business processes, 
or results achieved by prior improvements. 
(iii) Establishing processes for selecting projects, such as soliciting and 
screening nominations, choosing projects, preparing mission statements, or 
creating favorable climate for quality improvement. 
(iv) Establishing processes for carrying out the projects, such as selecting 
team leaders and members or defining the rule of project teams. 
(v) Provide support for the project teams, such as training (discussed at the 
end of the chapter), time for working on projects, diagnostic support, 
facilitator support, or access to facilities for tests and tryouts. 
(vi) Establishing measure of progress, such as effect on customer satisfaction, 
effect on financial performance, or extent of participation by teams. 
(vii) Reviewing progress, assist teams in the event of obstacles, and ensure 
that remedies are implemented. 
(viii) Attaining public recognition of teams. 
(ix) Revising the reward system to reflect the changes demanded by 
introducing annual quality improvement. 
5.2.7 Lessons learned  
In response to crisis, many companies, especially in the United States, 
undertook initiatives to improve their quality. For various reasons, most of these 
initiatives fell far short of their goals. However, relatively few companies made 
stunning improvements in quality and thereby became role models. The 
methods used by these role models have been analyzed and have become the 
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lesson learned. Analysis of the actions, taken by the successful companies, 
showed that most of them carried out many or all of the strategies set out below: 
(1) They enlarged the business plan at all levels to include goals for quality 
improvement. 
(2) They designed a process for making improvements and set up special 
organizational machinery to carry out that process. 
(3) They adopted the big Q concept: applying the improvement process to 
business processes as well as to manufacturing processes. 
(4) They trained all levels of personnel, including upper management, on 
how to carry out their respective missions of managing for quality 
(5) They empowered the work force to participate in making improvements. 
(6) They established measures to evaluate progress against the improvement 
goals. 
(7) Managers, including the upper managers, reviewed progress against the 
improvement goals. 
(8) They expanded use of recognition for superior quality performance. 
(9) They revised the reward system to recognize the changes on job 
responsibilities. 
5.2.8 Deployment of quality improvement goals 
Companies that have become quality leaders (or the role models) adopted the 
practice of enlarging their business plan to include quality–oriented goals. In 
effect, they translated the threats and opportunities faced by their companies 
into quality goals such as: 
(i) Increasing further time deliveries from 83 to 98 percent over a specified 
short time, say over next two years. 
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(ii) Reducing cost of poor quality by 50 percent within a planning period of 5 
years. 
These goals are clear, quantified, and each has a timeframe or timetable for 
implementation. Convincing upper managers to establish such goals is a big 
step, but it is only the first step. 
Goals are merely a wish list until they are deployed – until they are broken 
down into specific projects to be carried out and assigned to specific individuals 
or teams who are, in turn, provided with the resources needed to take action. 
Fig. (5.3) showed the anatomy of the deployment process. 
 
Fig.(5-3): Anatomy of the Deployment Process 
(From Visual OPQ9-2, Juran Institute, Inc., Wilton CT.) (19) 
As depicted in the figure, the broad (strategic) quality goals are established by 
the quality council and became a part of the company business plan. These 
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goals are then divided and allocated to lower levels to be translated into action. 
The final action level may consist of individuals or teams. In response, the 
action levels select improvement projects that collectively meet the goals. These 
projects are then proposed to the upper levels along with estimates of the 
resources needed. The proposals and estimates are discussed and revised until 
final decisions are reached. The end result is an agreement on which projects to 
undertake, what resources to provide, and who will be responsible for carrying 
out the projects. 
This approach of starting at the top with strategic quality goals may seem like a 
purely top – down activity. However, the deployment process aims to provide 
open discussion on both directions before final decisions are made, and in 
practice, it usually works in that way. The concept of strategic quality goals 
involves the vital few matters, but it is not limited to the corporate level only. 
5.2.9 The project concept 
 As described in this study, a project is a chronic problem scheduled for 
solution. The project is the focus of actions for quality improvement. All 
improvements take place on a project-by-project basis. 
Some projects are derived from the quality goals that are in the company 
business plan. These are relatively few in number, but each is quite important. 
Collectively, these are among the vital few projects. However, most projects are 
derived from the nomination–selection process, but not from the company 
business plan.  
A valuable aid to selection of projects during the deployment process is the part 
of principle. This principle states that in any population that contributes to a 
common effect, a relative few of the contributors (namely, the vital few) 
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account for the bulk of the effect. The principle applies widely in human affair. 
Relatively small percentages of the individuals write most of the books, commit 
most of the crimes, own most of the wealth, and so on (see fig. (5.4)). 
 
Fig.(5-4):  Interrelation of Projects, Vital Few and Useful Many 
5.2.10 Project screening and selection 
A call for nominations can produce large numbers of responses. In such cases, 
an essential further steps is screening of identified nominations which promise 
the most benefits for the effort expended. This process starts with a long list of 
nominations and end up with a list of agreed projects requires an organized 
approach: an infrastructure and a methodology. The screening process is time – 
consuming, so the quality council usually delegates it to a secretarial, often the 
quality department. 
 67
The end result of the screening process is a list of recommended projects in 
their order of priority. The quality council reviews the recommendations and 
makes the final determination on which projects to be tackled. These projects 
then become an official part of the company's business. Other recommended 
projects are outside the scope of the direct interest of the quality council. Such 
projects are recommended to be applied by appropriate sub-councils, managers 
and so on. None of the preceding steps prevents projects from being undertaken 
at local levels by supervisors or by the work force. 
Each project selected should be accompanied by a written mission statement 
that sets out the intended end result of the project. On approval, this statement 
defines the mission of the team assigned to carry out the project. 
5.2.11 Purpose of mission statements  
The mission statement serves a number of essential purposes:- 
• It defines the intended end result and so helps the team to know when it has 
completed the project. 
• It establishes clear responsibility – the mission becomes an addition to each 
team member's job description. 
• It provides legitimacy – the project becomes official company business. The 
team members are authorized to spend the time needed to carry out the mission. 
• It confers right – the team has the right to hold meetings, to ask people to 
attend and assist the team, and to request data and other services germane to the 
project. 
 68
5.3. The universal sequence for quality 
improvement 
The Two Journeys: The universal sequence includes a series of steps that 
are grouped into two journeys: 
(1) The diagnostic journey from symptom to cause. It includes analyzing the 
symptoms, theorizing as to the cause, testing the theories, and establishing 
the causes. 
(2) The remedial journey from cause to remedy. It includes developing the 
remedies, testing and proving the remedies under operating conditions, 
dealing with resistance to change, and establishing controls to hold the gains. 
Diagnosis is based on the factual approach and requires a firm grasp of the 
meanings of key words. At the outset, it is helpful to define some of these key 
words. 
5.3.1 The “diagnostic journey” 
It may appear obvious that diagnosis should precede remedy, yet biases or 
outdated beliefs can get in the way. 
For example, during the twentieth century, theory suggests that many upper 
managers held deep – seated beliefs that most defects were due to workforce 
errors. The fact seldom bares this out, but the belief persisted. As a result, 
during the 1980s, many of these managers tried to solve their quality problems 
by exhorting the work force to make no defects. (In fact, defects are generally 
over 80 percent management–controllable and under 20 percent worker–
controllable.) 
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The diagnostic journey starts with analyzing the symptoms of the chronic 
quality problem. Evidence of defects and errors comes in two forms: 
The words used in written or oral descriptions. 
The autopsies conducted to examine the defects in–depth. 
Symptoms are often communicated in words such as “incorrect invoices”, 
machine produces poor quality product. Understanding such expressions is 
often hindered because key words have multiple or vague meanings. In such 
cases, the person who prepared the report becomes an essential source of 
information. On the face of that, a useful tool for reducing semantic confusion 
is the "glossary". 
 A team is assigned to thin out the meanings of key words. The resulting 
agreements are then published as part of the official company glossary. An 
important aid to understanding the meanings behind the words is the "autopsy" 
(that is, to see with one's own eyes). Scientific autopsies can furnish extensive 
objective knowledge about symptoms and thereby can supplement the 
information contained in the written reports. 
5.3.1.1 Formulations of theories 
All progress in diagnosis is made by theory: by affirming or denying the 
validity of the theories about causes. The process consists of three steps: 
generating theories, arranging theories in some order, and choosing theories to 
be tested. Generating theories and/or securing theories should be done 
systematically. Theories should be sought from all potential contributors: line 
managers and supervisors, technologists, the work force, customers, suppliers, 
and so on. Normally, the list of theories is extensive, exceeding 20 in the 
emerging literature. If only few theories have emerged, it usually means that the 
theorizing has been inadequate. 
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One systematic way of generating theories is called "brain storming." In this 
process, “Potential Contributors” are assembled for the specific purpose of 
generating theories. Creative thinking is encouraged by asking each person, in 
turn, to propose a theory. No criticism or discussion is allowed until all theories 
are recorded. The end result is a list of theories that are then subjected to 
discussion. Experience has shown that brainstorming can have a useful effect on 
team members who carry strong opinions. Such members may feel that their 
views should be accepted as facts. However, other members regard these views 
as pure theories: unproved assertion. The debate leads to a growing awareness 
of the difference between theory and facts. 
Another systematic approach, called the "nominal group technique" is similar to 
brainstorming. Participants generate their theories silently, in writing. Each then 
offers one theory at a time, in rotation. After all ideas have been recorded, they 
are discussed and then prioritized by vote. 
5.3.1.2 Arranging Theories  
The brainstorming process provides a helter–skelter list of theories. Orderly 
arrangement of such a list helps the improvement team to visualize the 
interrelationship between the theories. In addition, an orderly arrangement is an 
essential aid to choosing which theories to test. The orderly arrangement can be 
made in several ways: 
(1) Storyboarding: A supplement to brainstorming, as a form of orderly 
arrangement of theories. As each theory is proposed, it is recorded on an 
index card. The cards are then appropriately arranged on a board to form a 
visual display of the theories. 
(2) Tabular arrangement: Another form of arrangement in a table showing 
logical hierarchy: theories, sub theories, sub–sub theories, and so on. 
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(3) Cause–an – effect diagram: This popular diagram (also known as an 
Ish'kawa diagram or fish bone diagram. 
 
5.3.1.3 Choosing tools to be tested  
Tools are numerous, yet most turn out to be invalid. As a result, project teams 
have learned to discuss priorities for testing tools and to arrive at a consensus. 
This approach proved to be effective in reducing the teams, time and effort, as 
well as in minimizing the frustration of pursuing invalid tools. A simple method 
is to ask each team member to rank all tools in his or her order of importance. 
The totals of the rank numbers then became an input to the final consensus on 
priorities. These tools are:- 
a. Test of Theories 
b. The factual Approach  
c. Flow Diagram  
d. Process Capability Analysis  
e. Process Dissection 
f. Test at Intermediate Stages  
g. Stream–To–Stream Analysis  
h. Time–To–Time Analysis 
5.3.1.4 Responsibility for Diagnosis 
Some of the work of diagnosis consists of the discussions that take place during 
project team meetings such as analyzing symptoms, theorizing causes, selecting 
tools for test, etc. In addition, the work of diagnosis involves test of tools, 
which consists mainly of data collection and analysis and is done largely as 
homework outside of team meetings. However, other projects require extensive 
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data collection and analysis. In such a case, the project team may delegate much 
or all of the work to diagnosticians: persons who have the needed time, skills, 
and objectivity. Despite such a delegation, the project team remains responsible 
for getting the work done. The location of these diagnosticians on the 
organizational chart were considered at several alternatives (see fig. (5-5)). For 
example: 
 
Fig.(5-5):  Alternatives for Organization of Diagnosticians ((depicted 
from (18) )) 
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1. The diagnosticians are assigned to line managers in proportion to the 
needs of their departments. see Fig. (5-5a). This arrangement is 
preferred by line managers. In practice, these arrangements tend to end 
up with the diagnosticians being assigned to help the line managers 
meet current goals, fight fires, and so on. Such assignments then take 
priority over the chronic problems. 
2. The diagnosticians are assigned to the various line managers (as 
above) but with a "dotted line" running to a central diagnostic 
department such as Quality Engineering. see Fig. (5-5b). This 
arrangement is considered better than the standpoint of training 
diagnosticians, by offering them an obvious career path and providing 
them with consulting assistance. However, such arrangement run into 
conflicts on the problem of priorities, on which projects should the 
diagnosticians by working. 
3. The diagnosticians are assigned to a central diagnostic department such 
as Quality Engineering. see Fig. (5-5c). This arrangement increases the 
likelihood that chronic projects will have adequate priority. In addition, 
it simplifies the job of providing training and consulting assistance for 
diagnosticians. However, it makes no specific provision for line 
manager participation in choice of projects or in setting priorities. Such 
an omission can be fatal to results. 
4. The diagnosticians are assigned to a central department but with a 
structured participation by the line managers. see Fig. (5-5d). In effect, 
the line managers choose the projects and establish priorities. The 
diagnostic department assigns the diagnosticians in response to these 
priorities. It also provides training, consulting services, and other 
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assistance to the diagnosticians. This arrangement is used widely and 
has demonstrated its ability to adapt to a wide variety of company 
situations 
The choice among these alternatives depends on many factors that 
differ from one company to another. 
5.3.1.5 Retrospective analysis and lesson learned  
Lessons learned are based on experience that is derived from prior historical 
events. These events become lessons learned only after analysis, and are widely 
known as the "retrospective analysis". In this analysis, an enormous amount of 
diagnosis is done by analysis of historical events. 
A philosopher, called George Santayana once observed that, "Those who can 
not remember the past are condemned to repeat it". This is a terse and accurate 
expression of the concept of lessons learned through retrospective analysis. 
Hence, the Santayana review is the process of deriving lessons learned from 
retrospective analysis of historical events. The use of the Santayana review 
depended largely on: 
(i) The cycle time of the historical events, and 
(ii) The frequency of these same events, which is closely correlated with 
their cycle time. 
In the diagnostic journey, the purpose is to discover the causes. Once the causes 
are established, the diagnostic journey is over, and the remedial journey begins. 
5.3.2 The “remedial Journey” 
While each remedy is unique to its project, the managerial approach to selecting 
and applying remedies is common to all projects. For most projects, there are 
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multiple proposals for remedy. Choice of remedy then depends on the extent to 
which the proposals meet certain essential criteria. The proposed remedies 
should: 
(i) Remove or neutralize the cause(s) 
(ii) Optimize the costs, i.e., "the care can be worse than the disease" 
(iii) Be acceptable to those who have the last word. 
The project team remain attached to the project until the remedy has been 
proved under operating conditions. 
5.3.2.1 Control at the new level: holding the gains  
To enable the operating forces to hold the gains requires (1) a successful 
transfer of the remedy from the laboratory to operations and (2) a systematic 
means of holding the gains: the control process. Ideally, the remedial change 
should be irreversible. At times, it may be necessary to conduct periodic audits 
to ensure that the change remain in place. The final step is to establish controls 
to hold the gains. This is done through the feedback loop: a cyclic process of 
evaluating actual performance, comparing this with the standard, and taking 
action on the difference. The reader may recall that various aspects of the 
control process are discussed in chapter four, including the quality control 
process; statistical process control; ISO 9000 family of standards. 
5.3.2.2 Human error: diagnosis and remedy  
In some projects, the contributing causes include human error. Such errors are 
committed by all human beings, including managers, supervisors, professional 
specialists, and the workforce. Except for workforce errors, the subject has 
received very little research, so that the data base is meager. In view of this 
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finding, what follows focuses on the work force errors. Most errors are 
controllable by workers, particularly when the worker has the means of:  
(i) Knowing what he/she is supposed to do 
(ii) Knowing what is his/her actual performance 
(iii) Regulating his/her performance. 
Investigators in many countries have conducted studies on controllability. As 
reported in Juran’s Quality Hand Book and other published papers, 
controllability prevails as follows: 
(1) Management–controllable: exceeding 80 percent, and the remaining 
(2) Worker–controllable: for less than 20 percent. 
5.3.2.3 Species of work force error  
It has long been widely-held belief by managers that the work force errors are 
due to lack of motivation. However, recent research has shown that there are 
multiple species of work force errors and that only a minority of such errors 
have their origin in lack of motivation. However, four principal species of 
workforce error has been identified, such errors are; inadvertent, technique, 
conscious, and communication. Table (5-3) shows the interrelation among the 
error patterns, the likely subspecies, and the likely remedies. The error species 
are examined below. 
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Table (5-3):  Interrelationship Among Human Error (19) 
Pattern disclosed by 
analysis of worker 
error 
Likely subspecies of 
error causing this 
pattern 
Likely solution 
On certain defects, no 
one is error-prone; 
defect pattern is 
random. 
Errors are due to 
inadvertence. 
Error-proof the 
process. 
On certain defects, 
some workers are 
consistently error-
prone, while others are 
consistently "good." 
Errors are due to lack 
of technique (ability, 
know-how, etc.) Lack 
of technique may take 
the form of secret 
ignorance. Technique 
may consist of known 
knack or of secret 
knowledge. 
Discovery and 
propagation of knack. 
Discovery and 
elimination of secret 
ignorance. 
Some workers are 
consistently error-
prone over a wide 
range of defects. 
There are several 
potential causes. 
Conscious failure to 
comply to standards. 
Inherent incapacity to 
perform this task. 
Lack of training. 
Solution follows the 
cause: 
Motivation. 
Transfer worker. 
Supply training. 
 
On certain defects, all 
workers are error-
prone. 
Errors are management 
controllable. 
Meet the criteria for 
self-control. 
Standardize the 
language; 
Provide translation, 
glossaries. 
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5.3.2.4 Error–proof operation  
A useful principle in error–proofing is that of providing feedback to the worker: 
i.e.,  the performance of the work conveys a message to the worker. In a classic 
study by Nakajo and Kume (1985), the authors discussed five principles of 
about 1000 examples collected mainly from assembly lines. The principles are 
elimination, replacement, facilitation, detection, and mitigation see table (5-4) 
below. 
Table (5-4):  Summary of Error–Proofing Principles 
Principle Objective Example 
Elimination Eliminate the possibility of 
error 
Redesign the process 
or product so that the 
task is no longer 
necessary 
Replacement Substitute a more reliable 
process for the worker 
Use robotics (e.g., in 
welding or painting) 
Facilitation Make the work easier to 
perform 
Color code parts 
Detection Detect the error before further 
processing 
Develop computer 
software which 
notifies the worker 
when a wrong type of 
keyboard entry is 
made (e.g., alpha 
versus numeric) 
Mitigation Minimize the effect of the 
error 
Utilize fuses for 
overloaded circuits 
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• Reassign the work  
An option usually available to managers is selective assignment, i.e., assign the 
most demanding work to workers with the best quality record. 
• Use the tools of motivation 
People are motivated by success in making improvements and satisfying 
customers. Successful teams celebrate their success. The exports world is filled 
with examples of how positive reinforcement drives continuous improvement. 
Celebrations of milestones or goal achievements are common and may be 
accompanied by tangible or intangible rewards.  
An important part of team celebrations is the comments from management to 
reinforce the behaviors and results achieved. Celebrating lunches and dinner are 
also popular. These natural rewards can be very powerful. These intrinsic 
motivators are things that make the job more interesting or stimulating, that 
build competence and pride, that promote self–control, and that result in a sense 
of purpose and achievement for the employee. 
Competitive advantages are never easy to get and are sometimes hard to keep. 
The advantage of a high–performing work force is difficult to build but capable 
of sustaining a long–term advantage. 
• Create competition incentives  
These devices have potential value if they are not misused. Competition among 
workers and teams should be designed to be in good humor and on a friendly 
level. Such practices prevail among departmental sports teams. Financial 
incentives are deceptively attractive. They look good while pay is going up: 
during that part of the cycle there are "bonuses" for good work. However, 
during a spate of poor work, removal of the bonuses converts the incentives into 
penalties, with all the associated arguments about who is responsible. 
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This list of remedies helps to solve many conscious errors. However, prior 
study of the symptoms and surrounding circumstances is essential to choosing 
the most effective remedy. 
5.3.2.5 Resistance to change 
Once a remedy has been determined, all that remains is to apply it. Instead, 
obstacles are raised by various sources. There may be delaying tactics or 
rejection by a manager, the work force, or the union. "Resistance to change" or 
"mental barrier" is the popular name for these obstacles. 
• Cultural patterns  
An understanding of resistance to change starts with the realization that every 
change actually involves two change processes: 
1. The intended change 
2. The social consequence of the intended change. 
The social consequence of such a change is the trouble maker. Social 
consequence of change consists of the impact of the intended change on the 
cultural pattern of the human beings involved (basically, on their pattern of 
beliefs, habits, traditions, practices, status symbols, and so on). This social 
consequence is the root source of the resistance to change. Dealing with this 
resistance requires an understanding of the nature of cultural patterns. 
Ideally, advocates of change should be aware that all human societies evolve 
cultural patterns and that these are fiercely defended as a part of "our way of 
life". In addition, the advocates should try to discover precisely what their 
proposals will threaten: which habits, whose status,  and what beliefs. 
To make matters more complex, those who resist the change often state their 
reasons as objections to the merits of the intended change, whereas their real 
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reasons relate to the social consequences. As a result, the advocates of the 
intended change are confused because the stated reasons are not the real reasons 
for the resistance. 
For illustrative purposes, companies that first tried to introduce computer–aided 
design (CAD) ran into resistance from the older designers, who claimed that the 
new technology was not as effective as design analysis by a human being. 
Interviews then found that the real reasons included the fear of losing status 
because the younger engineers could adapt more readily to the change. 
• Rules of the road  
Behavioral scientists have evolved some specific rules of the road for dealing 
with cultural resistance (Mead 1951). These rules are widely applicable to 
industrial and other organized entities (Juran 1964). 
• Provide participation  
This the single most important rule for introducing change. Those who will be 
affected by the change should participate in the planning as well as in the 
execution. Lack of participation leads to resentment, which can harden into a 
rock of resistance. 
• Provide enough time  
How long does it take for members of a culture to accept a change? They need 
enough time to evaluate the impact of the change. Even if the change seems 
beneficial, they need to learn what price they must pay in cultural values. 
• Start small  
Conducting a small-scale tryout before going all out reduces the risks for the 
advocates as well as for members of the culture. 
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• Avoid surprises 
 A major benefit of the cultural pattern is its predictability. A surprise is a 
shock to this predictability and a disturber of the peace. 
• Choose the right year  
There are right and wrong years (or even decades) for timing a change. 
• Keep the proposals free of excess baggage  
Avoid cluttering the proposals with extraneous matters not closely related to 
getting the results. The risk is that the debates will get off the main subject and 
into side issues. 
• Work with the recognized leadership of the culture  
The culture is best understood by its members. They have their own leadership, 
and this is sometimes informal. Convincing the leadership is a significant step 
in getting the change accepted. 
• Treat people with dignity 
 The classic example was the relay assemblers in the Hawthorne experiments. 
Their productivity kept rising, under good illumination or poor, because in the 
laboratory they were being treated with dignity. 
• Reverse the positions  
Ask the question: "What position would I take if I were a member of the 
culture?" It is even useful to go into role playing to stimulate understanding of 
the other person's position. For a structured approach, see Ackoff (1978). 
• Deal directly with the resistance  
There are many ways of dealing directly with resistance to change. These 
include: 
(1) Trying a program of persuasion. 
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(2) Offering a quid pro quo: something for something. 
(3) Changing the proposals to meet specific objections. 
(4) Changing the social climate in ways that will make the change 
more acceptable. 
(5) Forgetting it: cases in which the correct alternative is to drop the 
proposal. Human beings do not know how to plan so as to be 100 
percent successful. 
5.4. Institutionalizing quality improvement 
It is, sometimes, easy to initiate quality improvement, but, at times, it may be 
difficult to succeed in institutionalizing quality improvement. For the case 
studies under investigation, both Sudanese factories have a history of annually 
conducting product development, cost reduction, productivity improvement, 
and so on. The methods used by the two factories to achieve annual 
improvement are well known and can be applied to quality improvement. These 
included: 
(i) Expanding the annual business plan to include goals for quality 
improvement. 
(ii) Making quality improvement part of the job description. 
(iii) Establishing upper management audits that include review of progress on 
quality improvement. 
(iv) Revising the merit rating and reward system to include a new parameter, 
namely, performance on quality improvement and give it proper weight. 
(v) Creating well–publicized occasions to provide recognition for 
performance on improvement. 
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5.4.1 The nondelegable roles of upper management 
The upper managers must participate extensively in the quality initiative. It is 
not enough to create awareness, establish goals, and then leave all else to 
subordinates. This has been tried and has failed over and over again. Empirical 
evidence suggests that no company became a quality leader without extensive 
participation by upper managers. 
It is also essential to define just what is meant by "participation". Participation 
consists of a list of roles to be played by the upper managers, personally, what 
follows is a list of roles actually played by upper managers in companies that 
have become quality leaders. These roles can be regarded as "nondelegable". 
• Serving on the quality council  
This is fundamental to upper managers' participation. It also becomes an 
indicator of priorities to the rest of the organization. 
• Acquiring training in managing for quality 
Sources of such a quality training include visits to successful companies. 
Training is also available at courses specially designed for upper managers and 
through attending conferences. Upper managers risk losing credibility if they 
try to lead while lacking training in managing for quality. 
• Approving the quality vision and policies 
 A growing number of companies have been defining their quality vision and 
policies. Invariably, these require upper management approval before they may 
be published. 
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• Approving the major quality goals  
The quality goals that enter the business plan must be deployed to lower levels 
to identify the deeds to be done and the resources needed. The upper managers 
become essential parties to the deployment process. 
• Establishing the Infrastructure  
The infrastructure includes the means for nominating and selecting projects, 
preparing mission statements, appointing team leaders and members, training 
teams and facilitators, reporting progress, and so on. Lacking such an 
infrastructure, quality improvement will take place only in local areas and with 
no noticeable effect on the bottom line. 
• Providing resources 
 During the 1980s, many upper managers provided extensive resources for 
training their personnel, chiefly in awareness and in statistical tools. In contrast, 
only modest resources were provided for training in managing for quality and 
for setting up the infrastructure for quality improvement. 
• Reviewing progress  
A major shortcoming in personal participation by upper managers has been the 
failure to maintain a regular review of progress in making quality 
improvements. During the 1980s, this failure helped to ensure lack of 
progress—quality improvement could not compete with the traditional activities 
that did receive progress reviews from upper managers. 
• Giving recognition 
 Recognition usually involves ceremonial events that offer highly visible 
opportunities for upper managers to show their support for quality 
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improvement. Upper managers should seize these opportunities; most upper 
managers do so. 
• Revising the reward system  
Traditional reward systems provide rewards for meeting traditional goals. These 
systems must now be opened up to give proper weight to performance on 
quality improvement. Upper managers become involved because any changes in 
the reward system require their approval.  
• Serving on project teams  
There are some persuasive reasons behind this role. 
• Face up to employee apprehensions 
The outlined issues constituted the list of the nondelegable roles of upper 
managers. In companies that have become quality leaders, the upper managers 
carry out most, if not all, of these roles. No company known to me has attained 
quality leadership without the upper managers carrying out those nondelegable 
roles. 
5.4.2 Man-power recognition 
The term "Recognition" used here means "public acknowledgment of superior 
performance." It is widely accepted that superior performance deserves public 
acknowledgement. Recognition tells recipients that their efforts are appreciated. 
It adds to their self–respect and to the respect received form others. 
Project summaries are published in the company news media, along with team 
pictures. Some companies create news supplements or special newsletters 
devoted to quality improvement. Published accounts of successful projects not 
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only provide recognition, they also serve as case materials for training purposes 
and as powerful stimulation to all. 
Dinners are held to honor project teams. Medals or prizes may be awarded to 
teams judged to have completed the best projects during some designated time 
period. 
5.4.3 Man-power rewards 
As adopted in the study, "rewards" refers to salaries, salary increases, bonuses, 
promotions, and so on resulting from the annual review of employee 
performance. This review has in the past focused on meeting goals for 
traditional parameters: cost, productivity, schedule, and quality. Now a new 
parameter, namely quality improvement, must be added to recognize that 
quality improvement is to become a part of the job description. 
Note that reward differs sharply from recognition. The crucial difference lies in 
whether the work in voluntary or mandatory. Recognition is given for superior 
performance, which is voluntary. That is, people can hold their jobs by giving 
adequate performance. Reward is given for mandated performance doing the 
work defined in the job description. Willful failure to do this work is a violation 
of the employment contract and is form of insubordination. 
All personnel in the managerial hierarchy are then rated into one of three 
classes: more that satisfactory, satisfactory, or less than satisfactory. Those who 
fall into the lowest class are barred from advancement for the following 12 
months. 
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5.4.4 Man-power training  
The reader may recall that, throughout this chapter there have been numerous 
observations on the needs for training. These needs are extensive because 
quality improvement is a new function in the company that assigns new 
responsibility to all. To carry out these new responsibilities requires extensive 
training. This is especially true for organizations that have a mature T.Q.M. 
system in place, the implementation of T.Q.M. as an integrated part of all 
activities "*the concept of Big Q". Quality management practices straddle the 
entire spectrum of original performance. 
5.4.4.1 Extensive leadership  
The executive team (ET) bears the responsibility for creating a quality culture in 
the organization. A quality culture is a product of behaviors, skills, tools and 
methods as they are applied to the work. These changes do not come about 
without showing people how to implement and sustain this culture. 
Therefore, the ET must become educated in quality and stimulate their 
professional development team to offer options for training for quality. They 
may be asked to gather as a group, and a trainer or lecturer would impact 
knowledge to employees. 
A contemporary and integrated training system for quality requires an 
organization to design the system using a process that incorporates all the basis 
of quality planning (see chapter 3). 
                                                 
* "Big Q"; that is, quality is related to every department and process within the organization. This is a 
breakthrough in itself! As a result of this, the requirement for quality-focused training and education has 
extended throughout the organization, increasing the scope of activities and level of knowledge of the quality 
professionals. This increased knowledge among the quality professionals began to foster a barrier to 
collaboration; there was a distinct separation, even competition, between quality training and other training 
within organizations. 
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Some of the contemporary delivery techniques that are particularly well suited 
for executives include: 
(i) Modular training. 
(ii) Just–in–time training. 
(iii) Mentoring. 
(iv) Lecture by peers. 
(v) Self–study. 
(vi) Conferences. 
5.4.5 Training methods  
There continues to be a competition between time–tested, conventional training 
methods and technology–based knowledge transfer. In each case, one can focus 
on individualized methods and group training. 
5.4.5.1 Conventional training  
On–the–job training (O.J.T) remains an effective training method in use today, 
specially applied to the training of quality improvement and quality planning 
teams. In an OJT environment, the trainee performs the job about which the 
training is provided under the supervision of an experienced trainer or mentor. 
This approach is particularly effective for such subjects as quality control, 
quality assurance, process design or redesign, benchmarking and general 
problem solving (e.g. quality improvement). Each method, however, requires a 
skilled trainer to plan, prepare, present, and facilitate the learning related 
activities. 
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5.4.5.2 External versus internal sourcing 
The quality training budget allows only the most basic training skills to be 
established internally: usually limited to training on quality control, 
standardization, and basic quality assurance techniques. Specialized subject 
matter knowledge and training skills, such as related to business process design 
and re–engineering, benchmarking, cost of quality analysis, strategic quality 
planning and the like, are considered unaffordable by many organizations. 
These training subjects, skills, and related delivery systems will probably be 
outsourced. One favored source for such externally acquired training is the 
academic community. Training in a number of quality–related topics is 
available from faculty members such as Management Development Centre. 
5.4.5.3 Training builds capability 
The training process for developing multiple skills includes steps such as: 
(i) Identifying the skills needed. 
(ii) Establishing training technique. 
(iii) Developing an assessment system. 
(iv) Providing ongoing feedback and coaching. 
(v) Providing for rewards which encourage multiple skill development. 
As a rule of thumb, everyone is required to devote 5 percent of his/her time 
each year for training. Those who do so receive a 5 percent pay bonus. A 
training budget amounting to 5 percent to ten percent of pay roll is a large 
investment. Training for quality, as any other key activity, requires a dedicated 
financial commitment. World–class quality organizations, e.g., Malcolm 
Baldrige National Quality Award winners, budgeted a minimum of 40 hours per 
year for quality–related training. 
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Development time equals the time required to create one hour of delivered 
training (otherwise known as student contract time). Student contract time 
equals 6 – 10 credit hours. Similarly, work book–based delivery requires 40 – 
50 hours. In terms of textual computer–based, its training requires 200 – 500 
development hours per student contact hour. 
A more recent development has been the extension of training for quality to 
include training in team work, team building, meeting management, and team 
facilitation; as necessary methods and techniques supporting the 
implementation of quality management through the empowerment of teams and 
individual employees. 
5.4.6 Retention  
Investing increased resources in selection and training leads to stronger efforts 
to retain these skilled employees. Compensation, of course, is an essential 
contributor to employee retention. Other essential factors include: 
1.  Career planning and development 
2.  Designing jobs for self-control  
3.  Providing sufficient empowerment and other means for personnel 
to excel 
4.  Removing the sources of job stress and burnout 
5.  Providing continuous coaching for personnel 
6.  Providing for participation in departmental planning 
7.  Providing the opportunity to interact with customers (both external 
and internal) 
8.  Providing a variety of forms of reward and recognition 
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Retaining superior operations personnel, particularly in the fast-paced 
operations environment, is clearly important to achieve quality goals. This 
means hiring the best people, giving them the tools they need, training them, 
and rewarding them in tangible and intangible ways. 
In summary, quality improvement requires action at all levels of the 
organization.  Interested readers may consult chapter 3 for more on the planning 
and coordination of these activities on multiple levels. It is to be noted that this 
chapter drew extensively from various training materials published by the Juran 
Institute. Inc. The main message to be drawn from this chapter is that “quality 
improvement” is the least understood term in the quality field. It is, therefore 
highly recommended to introduce “quality improvement” and implement it in 
both factories: the ammunition and El Mizab. Such an application will 
significantly improve quality performance, assuming that Juran Trilogy is in 
place. 
Table (5-5):  Responsibility for Quality Improvement 
Upper management Quality improvement 
teams 
Operating 
departments 
Organize quality councils Receive and review mission 
statements 
Implement remedies 
Secure and screen project 
nominations 
Conduct diagnostic journey Implement controls 
Select projects Conduct remedial journey  
Prepare mission statements Deal with cultural resistance  
Assign teams; establish training Establish controls to hold 
gains 
 
Review progress Report results  
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6. CHAPTER SIX 
THE SELECTED FACTORIES PRACTICE TOWARDS 
QUALITY 
Although the concepts discussed above are highly desirable to achieve standard 
quality, the following case studies in Sudan were undertaken to examine 
whether these elements are adhered to or lacking in conducting business. These 
case studies indicate that both vision and mission are not inscribed prominently 
in any organization visited. The two identified case studies include El Shagara 
Ammunition Factory whish is discussed in section 6A and Al Sayed flour mills 
(El Mizab) discussed in section 6B in this chapter. These organizations were 
chosen for easy access to information, representation of different industries and 
organizational behavior. 
6A El Shagara Ammunition Factory 
The Ammunition Factory was established in November 17th. 1960 as a nuclear 
for army manufacturing products. Work started as a one line basis of 
production. In 1964 the second line of production was established. By 1968 four 
lines of production were established. In 11th. July 1970 anniversary day of 
Ammunition factory the shot shell plant and training centre have been 
established which paved the way for the plant to become an independent unit 
functioning under the direct command of the Army Headquarters. By mid 1970, 
Osman Salih printing press has been confiscated and merged with Ammunition 
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factory. The new factory termed "Army factories No. 69". In August 1972 
Army factories have been merged with the Ordnance Corps under the name 
"Ordnance Corps". However, in September 1972 the army factories no. 69 had 
been separated from the Ordnance Corps. Once again it was merged with army 
clothing and equipment stores, and Ordnance Corps. 
Finally, in April 1982, Supreme Commander of the army has decided to form a 
unified army organization on commercial basis. The Ammunition factory is one 
of the subsidiary units of the Military Economic Board. Moreover, the factory 
has been subjected to merger separation practice to fulfill its objective 
efficiently. 
6A.1 Organizational Structure 
The factory is among the largest military industries in Africa. Its total assets can 
not be revealed for security reasons. Moreover, the proposed organizational 
structure which has been implemented. Nonetheless the factory still lacks some 
elements; vision, mission, and since the line of production and diversification 
are wider than anticipated there is a need to further improve the organization.  
Fig. (6.1) depicted the organization structure of Ammunition Factory, the 
structural reform also transformed the factory from military origin to civilian 
entity, thus operating into commercial basis. It maintains the quality as derived 
by the North Atlantic Treaty Organization (NATO) as human right clauses. 
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Fig.(6-1): The Current organization structure of El- Shagara Ammunition Factory 
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6A.2 The Existing Quality Planning Control 
System 
The design of anti-personal weapons of the small arms ammunitions has been 
justified and identified by Jeneva Convention under human rights act in 1900's. 
The Sudanese Ordinance Corps is the only authority has the right to observe, 
implement and design the ammunition as specified in the United Nation Human 
Rights Act. As decreed by chapter (ix) vol (v) of the Law of Sudan. The basic 
problem facing the designer was to devise a means of testing the effects or 
"lethality" of the bullet against human tissue. Considerable qualities of data are 
available from medical sources on the observed effects of bullet strikes on the 
body and on the degree of incapacitation caused. In addition, data (extracted 
from an experiment conducted by Royal military operational research course) 
reveals that both the velocity and the mass of the projectile had an influence on 
its lethality. Subject to a minimum velocity of about 250 ft/sec. This minimum 
velocity is needed to penetrate the clothing and skin. This research has 
confirmed that the physical phenomena associated with wound and its 
formation is functions of the Kinetic energy expended. A positive correlation 
has been established between the energy lost by a bullet in the target and the 
size of wound produced in human tissue. 
Bullets are stabilized by the refilling in the barrel. However, the velocity of the 
bullet varies continuously among the trajectory under the effect of drug but is of 
interest of 3 points:- 
The initial, or muzzle, velocity, the impact velocity and the residual velocity, (at 
which it leaves the target). 
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The initial velocity is important to ensure an adequate impact velocity has a 
bearing on the severity of the wound and the residual velocity is a measure of 
the energy given up to the target. 
Of particular interest is the quality of energy transferred to the target between 
(1) and 15 cm of penetration. Less than 1 cm is assumed to produce a 
superficial wound, greater than 15 cm represents energy wasted beyond the 
maximum depth needed to cause incapacitation.(25) .  
According to the criteria used and experimental method employed, a variety of 
relationships have been derived between a small change in the energy (∆E) 
transferred to the target between 1 to 15 cm and the probability that a random 
hit will produce incapacitation. The result was appreciated by designing a 
cartridge with specification implied in the specification shown in Appendix, B.  
In this regard, the study designed the following spreadsheet fig. (6.2) to guide 
management and its workforce to implement the proposed work plan. 
 
 
 
 
 
 
 
 
 
99 
  
 
   
 
     
Process 
Control 
Features 
\ 
Control 
Subject 
Units of 
Measure 
Type of 
Sensor 
Goal Frequency of 
Measurement 
Sample 
Size 
Criteria for 
Decision 
Making 
Responsibility 
for Decision 
Making 
Bullet total 
weight 
Gm Gauge 9.33 gm 5/ day 5 9.33 + 0.13 
gm 
Operator 
Necking 
and 
calibrating 
Mm Go and 
not Go 
gauge 
7.62 mm Every 15 min. 5 7.62 mm Operator 
Case 
internal 
capacity 
Milliliters Weighing 3.5 
milliliters 
1/ hr 5 4 m.l. 
reduce 
propellant 
3 m.l. 
increase 
propellant 
Operator 
Punching 
of flash 
hole 
N/A Visual In centric 
two holes 
1/ 15min. 5 In centric 
two holes 
Patrol inspector 
 
Fig.(6-2): Spreadsheet for Ammunition 
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To produce ammunition conforming to that specification with an increased rate 
and a reasonable economical level. One should revise both jobs of i.m.c. – 
incoming material control – and in process control "product control" and how, 
they have been practiced in the Ammunition Factory. Then an attempt should 
be made to improve a new set up to overcome all handicaps of the existing 
system which shows a high rate of rejects reached 40% or may be more. 
6A.3  Discovering Ammunition factory's customer 
needs. 
The external customer of the Ammunition factory would include the 
disciplinary forces, while the internal customer will include production and 
assembly lines. 
In designing Ammunition, the factory would rely entirely on the following 
quantity and quality needs:- 
The annual budget of the Army H/Q and the annual requirement of other 
disciplinary forces are the only sources provide the factory with quantity 
required. 
Concerning the specifications the design of anti-personal weapon of the small 
arms ammunitions has been justified and identified by Jeneva Convention under 
human right act in 1900's ((see Appendix B)). 
6A.4  The Existing Factory Practice Towards 
Incoming Material Control (i.m.c.) 
There are two phases in i.m.c., on materials, tools and parts received from 
outside sources either, foreign or local supply. The tools shop is part of the 
Ammunition Factory which produces some tools and parts in insufficient 
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amount. These tools and parts are consumed during the flow process operations 
fig. (A). The bulk of incoming material is supplied from outside sources. For 
example, German firm called Fritz – Werner (F.W) installed the Ammunition 
Factory equipments since 1960. During the last four decades, the cooperation 
between the Ammunition Factory and (F.W) was not satisfactory due to 
political reasons. However, during the current decade, the management of 
Ammunition Factory has been reformed with the view to operate commercially: 
in this process, top management has been replaced by civilians, with the 
flexibility to purchase inputs through third parties. The latter enabled the factory 
to secure supplies. Nonetheless, documentations of sources of supply together 
with necessary information about these sources and their incoming material 
were not clear and at times not available at the public domain. 
As a result, the outcome of this practice is risky for the following reasons: 
First, there is no vendor certification, confirmed by top management of the 
factory. 
Second, there is no records keeping and follow – up. Consequently, the relation 
between vendor and purchaser has been mutually unsatisfactory. Therefore, an 
improved set up is needed to avoid such shortcomings. Hence, a proposal for 
i.m.c. is developed in this chapter. 
6A.5 A new Proposed i.m.c. 
The proposed i.m.c. refers to a standardized procurement package. The package 
follows a four bidding procedures. This is needed to clarify requirements for 
prospective vendor and to assure that all vendors receive equal and fair chance 
of being recruited. The objective of this process is to establish and maintain an 
objective purchaser – vendor relationship. 
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This relationship proposed procedures: ordering, accepting and controlling 
i.m.c. from vendor should follow these requirements: specifications must be 
defined first, followed by the materials and parts required, by the planning 
manager in establishing production schedules according to annual objectives of 
the factories. 
Data and related information regarding specifications and all necessary 
materials should be secured. 
Vendor bids & offers are received and reviewed by a board consisting 
concerned personally. 
A purchase analysis must be initiated to determine the most suitable vendor(s)*. 
In all cases, a suitable “make or buy” evaluation of the material should be made 
part of the purchase analysis. 
Purchase inquires are sent to, or invited from, several vendors. The procurement 
package provided to potential vendors will include a complete package of the 
relevant quality information. 
In case of large procurements, and when appropriate pre – contract award 
meeting should be scheduled with suppliers to delineate all purchase 
requirements, including strong emphasis upon quality requirements. 
Based on the above, vendors will be selected and contracts established or orders 
placed. Consequently, vendor quality – assurance requirements are made. 
Quality control manager is provided to the vendor when it is authorized to audit 
total quality control techniques and the certification approved and signed. 
Preproduction samples are approved if required. 
Production materials and parts are received by the purchase section. Production 
materials are properly tagged, identified for traceability purpose and routed. 
                                                 
In cases where factories’ policy requires multiple sources, the most suitable group of vendors should be chosen. 
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Material is examined for conformance to specifications in accordance with the 
i.m.c. plan.  
A team from quality control department provided, lab facilities, statistical tools, 
computer package, statistical acceptance sampling labels and quality control 
techniques are used. Rapid, precise, chemical, and physical measurements are 
being made, using highly specialized laboratory machines and apparatus. 
Conduct some of the detailed test specified by the quality program for 
acceptance of i.m.c. and points. 
The record of sample measurements with all data and information concerning 
quality should be kept in quality control department. 
All these test with others is shown in Appendix (B) .  
Material is disposed to the production line if satisfactory, using inventory 
control techniques with the order of inventory balance system. 
Proper handling equipments must be used i.m.c. may be damaged by poor 
handling during its delivery and process through the factory. 
Inadequate storage facility may damage the i.m.c. (for example when the 
Ammunition Factory looses a huge amount of cups and concentrated sulphuric 
acid due to long period storage). It is of course desirable at least in control side 
(inventory as well as quality) that the material should not be stored for long 
periods. 
An orange warning sign to all factory personnel read “DO NOT MOVE THIS 
MATERIAL” must be attached to the nonconforming materials in the cage. 
This reduces the danger of orange – tagged material “drifting – seep into” the 
production lines. 
 104
6A.6 Record keeping and follow – up 
It is worth mentioning that in the factories visited there are no proper records 
kept concerning all materials and parts which had been supplied before by 
various shipments. 
For the Ammunition Factory, the two available vendors are F.V. German 
company supplied NATO caliber and Belgium vendor providing the shot shell 
caliber. 
There are no occasional records & files concerning these vendors. However, 
such records must be maintained with minimum paperwork and clerical 
support. The future expansion is followed by the increase in vendors, then it 
will be desirable to design vendor rating as practiced in factories following 
standard procedures. The well-known recommended weighting factor – rating 
can be compared with competing vendors on the basis of single – part number 
or catalog number. These comparisons are then taken as the basis for future 
purchase orders. 
6A.7 Maintaining friendly business relationship 
To maintain friendly business relationship with selected vendor firm this study 
develops the following action:- 
Occasional interchange of correspondence. 
Periodic visit by some of the board members. 
Insist on quality control to the vendor plant. 
This will assist the factory effort to develop a total quality control program and 
at the same time assures quality of the final output. 
Establish ongoing vendor surveillance and vendor audit activities throughout 
the plant. After proceeding from one step to the next. It should be noted that it is 
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dependent upon satisfactory product performance at each preceding “phase” in 
the development process. Phase one was planning control, the first job of Juran 
trilogy which is well established according to the specification as discussed in 
Appendix (A) & (B). The second job is the i.m.c. discussed earlier as outlined 
in suggested i.m.c. program which should be implemented with the next coming 
material supply. 
After i.m.c. is secured, the next job is to inspect and secure the quality during 
operation process. Before the new improved set up one would revise the 
existing one. 
6A.8 The Existing Practice towards Product 
control 
This section review the existing practice towards product control. 
The only updated form of production data available in the factory is the daily 
production rate form. However, production data are not analyzed or used for 
any future reference other than the day – to – day observation. In this practice, 
the rejects are not ploted in the production charts. 
Even in the absence of control charts, and documents, one would expect the 
continuing on – the – job skilled labour to maintain and practice a reasonable 
level of production. However, the factory hired a considerable number of 
Engineers. During, 15 years of production in the Ammunition Factory, the 
employees were familiar with the equipments, machine tools well enough to be 
able to “nurse it along” in the production of satisfactory products. In addition, 
their experiences have frequently been consolidated in the form of “shop – 
practice” 
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There are no historical cards or documents identifying the nature and working 
conditions of the existing processing machines. There is no repair and 
maintenance section in the existing organization. Therefore, no authority can 
identify the individual processing equipments. Its historical background, its 
modification if any, its consumption rate etc.. The reader may recall from 
section 6A.1 that the Ammunition Factory has been reformed to attract civilian 
workforce by commercializing the factory. 
Despite these attempts, the working conditions in the factory and the 
employment offers are not lucrative enough to attract qualified employees. As a 
result, the factory maintained unskilled labor force. Unskilled labor force 
coupled with the absence of repair and maintenance section affected the 
efficiency of the processing machines. This will lead in part, to excessive 
variations in production and may result in manufacturing losses, to the extent 
that rejects represent a high ratio ranging from 20 to 40 percent ammunition. 
These losses are mainly explained by the fact that T.Q.M total quality 
management has been poor – they do not apply in – process control properly – 
lack of process study or machines capability – in adequate maintenance of the 
machines – lack of quality. Mindedness among plant employees 
((empowerment)) and above all lack of training. However, the factory practice 
shows that, the shop would suffer from the occurrence of such nonconformance 
of standards: 
Due undersize or oversize length of the cartridges case, whereas the proper – 
sized lengths ((the proper sized length is 51.18 mm)). 
Damage during processing 
A missed operation.  
Holes counter sunk on the wrong side of cartridges case or not deep enough. 
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Bullet weight is heavier or higher than specified ((the required bullet weight is 
9.45 gm)) 
Groove is too deep or shallow 
Primer vent diameter is too large or small 
Before implementing the procedure for control during manufacture, process 
capability study should be conducted. This type of studies have never been 
conducted before in the factory. That is why a more complete study is needed. 
6A.9 Process capability study 
The facilities selected for the manufacture of a part of cartridge and a flour are 
important determinant of the cost and quality of the resulting production. If the 
processing equipment selected is sufficiently accurate to meet the quality target 
as established by drawing tolerance levels ((as shown in Appendix (A). If the 
processing equipment can not consistently meet the quality target, high cost, 
rejects and reworked materials are inevitable outcomes. 
It is sometimes rare to have the required information about machines 
performance in such a form or document to the proper functioning of a quality 
control program. Ammunition Factory & El Mizab mill should have made 
scientific investigation of these capabilities a key stone of their entire product 
and process control program. In so doing, the factory was forced to develop 
techniques for this investigation which were more effective for quality – control 
purposes than the old practice. 
A process – capability study has been conducted under normal operation 
conditions with a single set of factors make up the manufacturing process. The 
study used a single batch ((lot)) of raw material, a single operator, and single 
measure throughout the period during which data are being collected. 
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The operator should avoid feeding ((correction into the process or making 
adjustments during the study)). Recalibration of the measuring equipment 
during this period should be avoided unless it is ((normally)) calibrated at 
frequent intervals. All these separate factors are subject to variation over long 
periods of time. It is therefore advisable to make several separate studies at 
widely separated intervals to determine the effects of normally varying factors 
on the process capability. The study should contain a sufficient number of 
measurement readings so that a representative sample is obtained. 
For most operations, a minimum of 50 readings should be adequate, the order of 
the readings should be preserved. Caution should be exercised in making 
rechecks to take into account possible changes that might occur over time i.e. 
change in dimensions due to a part dropping in temperature – decrease in 
moisture content, and so forth. Inspectors or process technicians are often well 
qualified for taking the data because of their training in measuring and data 
recording. The data are fed to the computer which aids in computing the process 
capability. [see Table (6-1) to (6-3) & fig.(6-3) to (6-5).] 
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Table (6-1):  Process Capability Study Conducted in January 2004 for Production Line "A" 
M/c 
Code No. 
Name of Process Total 
Tolerance  
Mm – gm 
75% of the 
total 
tolerance 
Process 
capability 
value 
Remarks the 
process is:- 
 Cartridge Case:     
7171 Draw 25 18.75 18.1194 in control 
7274 Trim 0.1 0.075 0.1120 out of cont. 
7172 Head, identify, pressing of  
Button 
0.15 0.1125 0.1178 out of 
control 
7173 Necking and calibrating 0.15 0.1125 0.1242 out of 
control 
7277 Punching of flash – hole 0.1 0.075 0.08 out of 
control 
7266 Turning to length 0.3 0.225 0.301 out of 
control 
 Bullet     
7174 Draw 0.6 0.45 0.5103 out of 
control 
7164 Lead core turning 0.1 0.075 0.0612 in control 
7175 Assy. "insert the lead  
core into the bullet jacket" 
0.2 0.15 0.2 out of 
control 
7217 Grooving, flanging and calibrating 0.3 0.225 0.195 in control 
7172 Weighing and measuring of length 0.2 0.15 0.2556 out of 
control 
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Table (6.2): Quality Data Sheet No.(1)  
MACHINE   NO   OR  
OPERATION        7171                                                        MONTH    JANUARY  
INSPECTION        PATROL                        CHARACTERISTIC   ALL DEFECTS    
OPERATOR PRIVATE   EL FADIL   PASHIR       SUPERVISOR    WARRANT OFFICER YAGOOP 
DAY INSP DEF % 
1 1000 17 1.7 
2 1000 10 1 
3 1000 15 1.5 
4 1000 15 1.5 
5 1000 20 2 
6 1000 11 1.1 
7 1000 13 1.3 
8 1000 25 2.5 
9 1000 19 1.9 
10 1000 23 2.3 
11 1000 22 2.2 
12 1000 18 1.8 
13 1000 11 1.1 
14 1000 25 2.5 
15 1000 20 2 
16 1000 19 1.9 
17 1000 18 1.8 
18 1000 22 2.2 
19 1000 30 3 
20 1000 35 3.5 
21 1000 25 2.5 
22 1000 20 2 
23 1000 19 1.9 
24 1000 23 2.3 
25 1000 27 2.7 
 
MONTH INSP DEF % 
1 WK. 6000 55 1.47 
2 WK 6000 120 2.00 
3 WK 6000 115 1.92 
4 WK 6000 152 2.53 
5 WK 1000 27 2.7 
MO 25000 502 2.01 
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Table (6-3):  Quality Data Sheet No. (2) 
 
 
 
 
 
 
 
Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2
3 
24 25 
1 9.52 9.49 9.47 9.45 9.51 9.47 9.41 9.47 9.45 9.45 9.46 9.52 9.45 9.47 9.53 9.51 9.51 9.54 9.55 9.45 9.47 9.55 9.52 9.46 9.56 
2 9.47 9.55 9.53 9.53 9.42 9.45 9.4 9.42 9.55 9.5 9.45 9.51 9.42 9.5 9.46 9.46 9.51 9.48 9.45 9.47 9.45 9.44 9.47 9.46 9.43 
3 9.43 9.53 9.5 9.4 9.46 9.52 9.51 9.45 9.45 9.46 9.45 9.53 9.45 9.56 9.43 9.43 9.53 9.43 9.53 9.44 9.63 9.4 9.41 9.52 9.47 
4 9.42 9.52 9.53 9.43 9.51 9.55 9.46 9.41 9.43 9.47 9.46 9.46 9.47 9.49 9.47 9.47 9.51 9.44 9.51 9.4 9.51 9.46 9.45 9.55 9.45 
5 9.54 9.55 9.43 9.45 9.47 9.51 9.44 9.47 9.44 9.52 9.46 9.48 9.54 9.46 9.50 9.50 9.45 9.44 9.53 9.48 9.53 9.55 9.54 9.53 9.55 
Total                          
X 9.47 9.52 9.49 9.47 9.51 9.45 9.43 9.47 9.47 9.46 9.45 9.51 9.45 9.49 9.47 9.47 9.50 9.46 9.51 9.44 9.51 9.48 9.47 9.50 9.49 
S .054 .025 .042 .035 .038 .042 .027 .049 .029 .005 .0275 .045 .039 .039 .032 .030 .047 .039 .031 .038 .066 .054 
.04
0 .060 .052 
R .125 .06 1 .12 .11 .105 .115 .065 .125 .07 .01 .065 .12 .1 .1 .08 .08 .115 .1 .08 .1 .15 .135 .09 .135 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
 
X=  X /n  = 9.494                                        R  =         R/n     =   0.0937                     S  =    S/n  =  0.08965 
OPERATION OR 
MACHINE NO      7175                                                                             PERIOD.           JANUARY  
INSPECTION OR TEST          WEIGHT OF BULLET                              CHARACTERISTIC        W= 9+5+  1gm 
OPERATOR      CORPORAL   MOHAMMED                                           SUPERVISOR     W.OFFICER   YAGOUB 
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Fig.(6-3):  Percentage Defective (P) chart 
 
 
UPPER LIMIT = P + 35 = P + 3 ?P (1-P)/n  = 0.0201+3 x 0.06= 0.038
 P= c=0.0201
       n
L.C.L LOWER LIMIT = P -3?P(1-P)/n = P 3 ? = 0.0201 - 0.018 = 0.0021
 P= c=0.0201
       n
0.005
0.001
0.01
0.015
00.0201
0.025
0.035
0.03
L.C.L 0.04
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Fig.(6-4):  Range Control Chart 
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Fig.(6-5):  Average Control Chart 
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6A.10 Method of calculation 
Process Capability = 6∂ = 6√(∑(x-x)2/(n-1)) 
Where:- 
∂ = Standard deviation of sample population 
x1,x2,xn = Individual measurements 
x = Arithmetic mean of individual measurements 
n = Number of individual measurements 
Computer application and electronic calculators may be effectively used 
for routine process capability evaluation. It is recommended that each 
production line manager be provided with one personal computer and 
desk calculator. 
The micro state package in the KAYPRO (11) MICRO – COMPUTER – 
Calenlates descriptive statistics in its program. ((scatter plot and 
descriptive stat.)) It gives details or short list of the calculated parameter. 
This package is used to calculate the following:- 
The average and the standard deviation of proportion defective for use in 
the P chart, (fig. 6-3). 
The arithmetic mean and the standard deviation for use in the x chart, (fig  
6-4). 
The range for use in the R chart, (fig. 6-5). 
The standard deviation for the calculation of the process capability study 
((∂)). Since the package does not contain a quality control option, the 
statistics calculated above were manipulated for the construction of the 
different charts using a desk calculator. 
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The tables (1 to 3) are obtained from a designed study, showing a result of 
study conducted under normal operation conditions in January 2004 in 
Ammunition Factory. 
Most of the machines are expected to be inadequate for the job to be 
performed. The reason may be:- 
Lack of spare parts 
Lack of veterans 
Lack of training 
Absence of repair & maintenance sec. 
By overcoming these handicaps and in so doing, one can proceed for 
product control as proposed below .  
6A.11 A proposed procedure for product 
control 
Organization of product control:- 
Key individuals in the quality control practices for product control are the 
work force who actually produce the product. All practices are built 
around these employees and production, quality control managers because 
it is of and through them, that the great bulk of product control activities 
must be carried out. 
The Ammunition factory employed young mechanical engineers part of 
their responsibilities are implementation of the product and process 
quality control program and gathering the quality data. The reason that 
they forge data is because they feel that large number of rejects may be 
the cause of insult to them. Hence, it is recommended that production 
manager & quality control manager may train employees stressing the 
importance of statistics, meaning of quality control and that rejects are 
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also machines faults. Furthermore, these managers should realize the full 
potential of employee empowerment, when the employees:- align  their 
goals with the factories' purpose; have the authority and opportunity to 
maximize their contribution; are capable of taking appropriate action; are 
committed to the factory's purpose, and have the means to achieve it. Thus 
empowerment may be shown by the equation:- 
Empowerment = alignment x authority x capability x commitment 
Ammunition Factory is recommended to apply the above equation, so as 
to increase the degree of employee's involvement. The involvement often 
produces in factories' members pride, commitment, and a sense of 
ownership. Moreover, this will lead to good business results, and even to 
what Deming (1986) called ((Joy in the workplace)). 
The degree of required involvement increases, as does the degree of 
empowerment increase. Hence, the employee takes responsibility for the 
consequences of the actions and for contribution to the success of the 
factory.  
 
Fig.(6-6): Relationship of Commitment and Empowerment 
(adapted from Juran, 1999.) 
Directive 
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6A.12 Setting up a machine for a production 
run 
The factory experience for setting up a machine for a production run is 
lying on the production line operators. They use to eliminate the causes of 
excessive variation by trial and error. It is recommended that the ((know – 
how)) should be supplemented by the use of quality control techniques. 
These techniques may be used in the production control activity both for 
setting and maintaining standards and controlling parts during 
manufacture. It may be useful and effective both to set and maintain 
standards – through such means as tool and die control or process – 
capability studies with the help of maintenance and repair department 
manager, and to establish manufacturing control through such means as 
Patrol inspection, process sampling or control charts. Since, the 
ammunition line produces 7200 rounds per hour,  
It may be impractical and uneconomical to concentrate upon any 
techniques other than proper standards setting. After setting the machines 
and before production run, the first parts produced should be inspected 
first. 
6A.13 Pre – control 
The procedure for using pre – control is as follows:- 
If the first parts produced are inspected by using gauges and laboratory 
equipments belonging to quality control department. Then when (500 
successive parts produced in Ammunition Factory. Production line were 
sent to the plant laboratory for rigorous test and examination and the 
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requirements shown in Appendices the process setting is considered 
satisfactory and the process allowed to run. 
Control is then exercised by checking single parts at fixed intervals of 
time. This interval depends on the normal performance of the machine. 
However, Sudan climate, dust and high rate of temperature make it 
necessary to maintain ongoing machines maintenance. Also due to 
machines vibrations almost all processing operations have an interest 
variation. As a result, periodical checks are essential in this shop say, 
every 15 min, as recommended by (25) . . 
This responsibility must be shouldered by the operators themselves with 
the help of the go and not go gauges for Ammunition product. 
6A.14 In process control 
All parts ((case and bullet)) are subject to several successive machining, 
robotized, or processing operations before they become finished product. 
The reader may refer to process flow chart in the Appendix A. 
If lots of these finished product are examined for conformance to 
specification only after they have been completed, large quantities of 
defectives or nonconforming product may very well be found. The 
detection of product deficiencies early in the production process will 
permit initiation of corrective action with minimum impact on resources. 
It is important that causes of deficiencies be determined and necessary 
action taken in order to prevent the recurrence of like or similar 
deficiencies. Therefore, the existence of the so called Patrol inspectors 
permanently inside the production line shop is a must. These inspectors 
belonging to quality control department. 
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In essence; modern process control sampling techniques represent a better 
controlled and better planned form of patrol inspection. When actual 
readings are made, the measurements control chart has been carried on 
and introduced for the first time during the factory age. 
When go and not go inspection has been carried on, the percent defective 
on percent nonconforming control charts have been useful. Such 
application and sampling tables for process control are useful. 
These charts are attached in Appendix D. 
The objective of this sort of process check is to provide a continuous 
picture of the quality of parts being produced. The process sampling 
procedure used in production line shop has four major steps:- 
(i) The setup of each operation is made by the operator, when 
this operator is satisfied that it is correct, first – piece 
inspection is made by the process inspector (Patrol 
Inspector). When the piece is approved, the inspector 
punches a record card which is hung at each machine and the 
operator starts the production run. 
(ii) The operator checks the work at regular intervals; every (5) 
min., as recommended before. If a defect is discovered, the 
process is corrected. The new setup must thereupon be 
approved by the process inspector. 
(iii) In the military practice it has been shown that at the intervals 
of 5' to 15' minutes specified by the process – sampling table, 
the patrol inspector checks the required number of parts of 
ammunition or quantity of flour (n = 5) (25) . These (n)s may 
be chosen at random. If no rejects are found, the inspector 
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segregates work that has been processed since the last check, 
punches the record card O.K. and production continues. 
(iv) If defects are found by the inspector, the production line 
manager is notified to get the process corrected immediately. 
The production line manager may ask maintenance and 
repair managers help if needed. The parts or quantities that 
have accumulated since the last inspection are set aside for 
sorting. The inspector punches the reason for rejection on the 
record card. When the process is corrected, approval by the 
inspector must be obtained before production is allowed to 
continue. 
6A.15 Final Inspection 
It is required to insure that acceptable work has been done and that the 
cartridge established requirements. Final inspection performed in the 
production line is more detailed and through since better facilities and 
equipment are available. 
Machine No. 7463 an automatic machine with gauges and test equipments 
built in is available in the line. The machine automatically rejects the 
defective cases inside a container provided beneath the machine. Each 
container contains cases of the same defect to determine the machine 
responsible of the defect. Data from the proposed form (data sheet) table 
6.3 may show in the production line that two or three operations and two 
or three types of nonconformities are responsible for high percent of all 
rejects. Those data are recommended to be reviewed weekly by 
production line manager, quality control department manager, and 
maintenance and repair department manager. 
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The final inspection in a machine installed at the end of production line 
will be accomplished on 100 percent of the parts processes to insure that 
adequate quality protection is achieved. The production line manager 
should stress on final inspection which should be performed under his 
personal supervisor. In addition he regularly reviews the record cards 
taken from the machine. He should periodically conduct the well – known 
control charts and keep them in records or micro cathode computer as 
recommended. Afterwards corrective action is decided upon, and as a 
result responsibilities are assigned to appropriate position. 
In the chapter to come the quality improvement are reviewed and 
recommended as the endless job of T.Q.C (Jurans Triology). 
6A.16 Quality audit and verification inspection 
Experience has shown that control systems are subject to "slippage" of all 
sorts. Personnel turnover may result in loss of essential knowledge. Entry 
of unanticipated changes may result in obsolescence. Shortcuts and 
misuse may gradually undermine the system until it is no longer affective. 
The major tool for guarding against deterioration of a control system has 
been the audit. Under the audit concept a periodic, independent review 
questions: is the control system still adequate for the job? Is the system is 
being followed? The answers are obviously useful to the operating 
mangers. However, representatives from quality control department of 
Ammunition Factory use to select a small sample from the production 
output after all other regular inspections and tests have been performed. It 
may be the basis for the release of the lot sampled; it may be conducted 
more rigorously than regular inspections or test; most quality audits point 
toward corrective action relating to equipment performance operator skill, 
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inspection efficiency and so on. It is recommended that quality audit and 
verification may be conducted in the presence of ordnance corps 
representative the main customer in order to verify the lot certification 
and sign. (all tests and proof discussed in Appendices (B). 
The best – perhaps the only – way in which this can be done is to be there 
to talk to – interact with and respond to personal users. One structured 
technique that has proven effective is the focus group for beta testing, in 
order to arrive at findings about quality. The objective of conducting a 
focus group is to secure customer feed back about the product, while the 
beta test is usually undertaken just prior to product release in order to be 
sure that the product robust in its operation. The focus group evaluation 
may be taken at any point in the product development cycle from the 
concept stage right up to the point of product release, and even afterward. 
These visits are not made in response to complaints but are designed to 
learn about customer experiences with the product and to provide answers 
to specific questions. 
6A.17  Product conformance: fitness for use:- 
There are two levels of product features, and they serve different 
purposes. One of these levels serves such purposes as:- 
- meeting customer needs. 
- Protecting human safety. 
- Protecting the environment. 
Product features are said to passes "fitness for use" if they are able to 
serve the above purposes. The second level of product features serves 
purposes such as:- 
- providing working criteria to those who lack knowledge of fitness for use. 
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- Creating an atmosphere of law and order. 
- Providing innocents from unwarranted blames. 
The presence of two levels of product features results in two levels of 
decision making: is the product in conformance? Is the product fit for use? 
Fig. (6-7) shows the interrelation of these decisions to the flow diagram. 
 
Fig.(6-7): Flow Diagram of Decisions on Conformance and Fitness 
for Use 
The fitness for use decision:- 
The great majority of products do conform to specifications. For the 
nonconforming products there arises a new question: is the 
nonconforming product nevertheless fit for use? A complete basis for 
making this decision requires answers to questions such as:- 
- who will be the users of ammunition? 
- How will these products be used? 
- Are there risks to human safety, or the environment? 
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- What is the urgency for delivery? 
To answer such questions can involve considerable effort. Ammunition 
Factory is  facing risk of damage to society and sometimes to government 
regulations. However, procedural guidelines should be followed to 
minimize the effort and eliminate the risk. The methods in use include:- 
- Treat all nonconforming product as unfit for use:- this approach 
is widely used for products which can pose risks to human 
safety or the environment.  
- Create a mechanism for decision making: an example is the 
Material Review Board so widely used in the defense industry. 
This device is practical for matter of importance, but is rather 
elaborate for the more numerous cases in which little is at stake. 
- Create a system of multiple delegations: under such a system, 
the "vital few" decisions are reserved for a formal decision – 
making body such as a Material Review Board. 
6A.18 Disposal of non-conforming parts 
Because of the danger that rejected parts may, without approval, find their 
way back into the production process, particularly the small arms 
ammunition is highly demanded by some citizens for several purposes. 
Some operators took it for a filch, they used to take the rejected parts and 
assembled them outside the plant. This may cause danger of using faulty 
ammunition. It also may affect security precautions i.e. violating arms 
law. It is important that procedures be available for rapid disposition of 
such parts. These procedures will involve a rigid system of tagging 
"holding for disposition", and routing. They will include a quality control 
– component sponsored review for disposition of those parts. 
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6A.19 Control of quality in packing and 
transport 
Although control of quality during manufacture may have been excellent, 
there remain subsequent points for control. 
The importance of packing, and transportation are also essential. Storage 
is normally long term storage, for ammunition this may be a very critical 
stage requiring experienced services. If moisture is allowed to enter the 
container, the product effectiveness is greatly diminished, completely 
negating the precision done at the factory. Therefore importance rests, 
upon adequate quality activity with during the design of the product 
container and during actual placement by "transport". 
6A.20 Complaint Analysis 
While complaints deal primarily with product dissatisfaction, there is a 
side effect on salability. Research in this area has pointed out the 
following:- Of the customers who were dissatisfied with product nearly 70 
percent did not complain. The reasons for not complaining were 
principally (1) the effort to complain was not worth it, (2) the belief that 
complaining would do no good, and (3) lack of knowledge about how to 
complain. More than 40 percent of the complaining customers were 
unhappy with the responsive action taken by the factory.  
Beside the natural data and information from customers on quality, there 
are government reports. Government is increasingly involved in product 
evaluation, mainly in their capacity as regulator.  
It may be recommended that, telephone calls to customers to probe 
attributes of quality and the degree of satisfaction about product. All 
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dealers are called and asked for impressions on the quality of the batch 
they purchased. Moreover, the quality control department may call a 
sample of customer (about one in three) and asks for opinions about the 
quality. This phone interview consists of questions on attributes of quality 
shown in specifications appendix (B). However, the customer responds by 
using a satisfaction scale such as excellent, very good, good, fair or poor, 
space may also be provided for other comments or suggestions. 
These data systems always become a gold mine of information for the 
manufacturers of the product, because future salability is strongly 
influenced by the action taken on complaints. 
Concerning Ammunition Factory, the complaint information system is 
very consistent. In a very important sense the customer "user" is the final 
"control station" for factory product control activity. 
Records and analysis of users "field brigades" and units "complaint 
reports from the field to the Ordnance Corps. Finally these reports raised 
to Army factories commander. These reports furnish useful product – 
control information "feed back information". While usually a considerable 
time lag exists between these reports and current production, they 
nonetheless both reflect the effectiveness of control programs and 
highlight those non-conformities upon which more aggressive corrective 
action must be initiated. 
The factory management must encourage brigade commanders "users" to 
inform immediately about any nonconformities. 
Beside, the Ordnance Corps should conduct annual scheduled program 
concerning inspection visits to the field brigades and units for field 
inspection. It is recommended that Ammunition Technical Officers 
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"A.T.O.S" belonging to Ordnance Corps should send a copy report 
resulting from the annual inspection visits. 
Until now, quality improvement in the factory was not mandated – it was 
not a part of the job descriptions. Some quality improvement did take 
place, but on a voluntary basis. For example, some improvements in such 
projects were undertaken by an informal team. In this case, the result 
might be favorable. This voluntary, informal approach yielded few 
improvements. The emphasis remained on inspection, control, and fire 
fighting. 
6A.21 The Existing and Proposed Quality 
Improvement System 
As previously mentioned in chapter five the study distinguishes 
improvement from control, also fig. (2.1) shows the difference. Quality 
improvement process, known as the last job of Juran trilogy process through 
which the factory may attain unprecedented levels of performance. 
Ammunition factory practice showed that, for example, a process engineer 
of production line department was assigned to reduce the number of defects 
coming from M/C no. (7277) "punch of flash hole" as shown in Appendix A 
fig. (A1) flow process chart. His diagnosis concluded that a new process in 
the tool shop was needed. The tool shop manager rejected the proposal. 
Usually each one tends to shift the blame on others. To avoid this conflict 
and discrepancy, responsibilities should be well defined and to carry out 
various step required in the investigation. To reduce deficiencies that create 
chronic waste, indeed, the approach to quality improvement is extensively 
delineated in chapter five. 
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On the ground of this, the study suggests to appoint and establish a 
multifunctional project team on stringent criteria that shown in fig. (5-1). 
The head of the following departments must constitute the team:- 
- Quality control department 
- Production line department 
- Maintenance and repair department 
- Technical affairs department 
- Planning and research 
Usually the team is selected by the sponsor after consulting with the 
concerned managers. The selection process includes due consideration for: 
(1) Concerned departments to be represented in the team 
(2) Choose suitable level in the hierarchy team members and 
(3) Assign individuals in that level 
Nonetheless, there is a need for flexibility. However, most teams consist of 
six to eight members. Larger members tend to make the team unwieldy as 
well as costly. The members remain together as a permanent team, 
responsible for:- 
- Undertaking project after another 
- Mobilize the factory's resources so as to make quality improvement an 
integral part of managing the factory 
- Grasp the basic concepts of quality improvement before getting into the 
improvement process itself 
- Applying universal sequence for quality improvement through the two 
journeys, the diagnostic journey from symptom to cause, and the 
remedial journey from cause to remedy 
The following principles are useful:- 
- Formulations of theories 
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- Arranging theories 
- Brainstorming process 
- Story boarding 
- Tabular arrangement 
- Fish none diagram 
- Test of theories 
- The factual approach 
- Flow diagram and process dissection 
- Process capability analysis 
- Test at intermediate stage 
- Stream-to-stream analysis 
- Time-to-time analysis 
- Retrospective analysis and lesson learned 
In so doing, the project team will find a way to solve the problem by refining 
the existing process. The outcome of the analysis must immediately 
diagnose the prescribed solution to the problem, examining causes, and 
prescribe solutions. 
Finally, when the team makes stunning improvements in quality and thereby 
become role models and lesson learned then it will make change in factory 
culture. 
It is to be noted that the above proposed quality improvement system along 
with all control processes discussed in sections ( 6A.4 – 6A.19 ) can be 
replicated in improving quality system in El Mizab mill, provided that 
necessary adjustments are suitably observed. 
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6B  Al Sayed flour mills (El Mizab) 
Al Sayed flour mill is a privately owned factory, which is located in 
Khartoum North.  
Total area of the factory is 10,000 square meters (10,000 m2), constructed as 
five – story building. In each floor, the main production building area equals 
(35x8 m2). The remaining area is reserved for future extension. The 
estimated value of milling unit, other equipments and machinary is L.s 3.250 
billion. In addition, working capital / year is estimated at L.s 10.0 billion, 
number of staff is 37 persons, manual labor is  22 persons , total flour 
production / hr is 3750 kg / hr and total bran production /hr is 800 kg/hr. 
Moreover, its return in sale is relatively high, while rejects "rewok" 
constitute  6 kg/ hr.   
The mill was established in 1997 to produce flour and bran. Since its 
inception, the objective of the owners of the factory was profitability. Al 
Sayed factory is among mills in Sudan encouraged by high profitability in 
the milling industry, the owners built the mill, based on Chinese technology. 
The purpose of this mill does not necessarily reflect a vision statement. The 
reason is that the vision must include specific goal to achieve, preferably in a 
specific time frame. Such a statement was never conceived nor inscribed 
prominently in the flour mill. By contrast, their main competitor, Sega, does 
follow strategic objectives and goals of the industry. Similarly, the flour mill 
lacks a mission statement nor a futuristic outlook.  
6B.1 Organizational Structure  
El Mizab mill is governed by board of directors through executive manager 
and several departments, as shown in fig. (6.8).  
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Fig.(6-8):The existing organization structure of Al Sayed flour mills 
(El Mizab) 
The delineated responsibilities to each manager are:- 
6B.1.1 factory manager 
• Being responsible to the board of directors for managing the factory. 
• To carry out the policies of EL Mizab mill as directed by the board of 
directors. 
• To train technical staff in the factory. 
• To execute any other responsibilities and duties as directed by board of 
directors. 
Board of directors 
Executive Manager 
Administration Department Production Department 
Power 
Unit 
Guard 
Unit 
Transport 
Unit 
Production 
Lines 
Maintenance  
Repair Unit 
Financial Department Quality Control Department Purchasing 
Central 
Depots 
Account Lab Bakery 
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6B.1.2  Administration department manager  
• Responsible of clerical and routine work of the factory administration. 
• Responsible of general management and services. 
• To report about all activities concerning boards of inquiry. 
• To establish a system capable to secure buildings, assets and products. 
• Be responsible for power resources either generated from the stand by 
generator or supplied by national grid. 
• Connect and maintain all water supply connection. 
6B.1.3 purchasing department  
• Be responsible to the factory executive manager for coordinating the 
    activities of purchasing and stock control. 
• Prepare the annual budget of the factory. 
• Buying the factory requirement from the local market on behalf of EL 
Mizab mill. 
• Keeps contract documents specifying type of items, quantities, quality 
    and other relevant factors. 
6B.1.4  Financial Department  
• Liaise with executive manager to receive the manufacturing 
requirements and supply. 
• Advise on financial position of EL Mizab mill. 
• Receive all input supply from purchasing department and output supply 
    from production department. 
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• Distribute the product flour and bran to the customer and maintain 
records. 
• Handle all depots problems.  
• Manages the budget and keeping account balance. 
6B.1.5 Production Department 
• Reports to the executive manager for all activities of the factory 
production lines. 
• Produces flour and bran in conformity with agreed upon standards, with 
quality control department. 
• Coordinates with the financial department manager about the quality 
and the rate of production. 
• Repairs the machines, stores the raw materials, tools, and other items 
concerning the tools shop. 
6B.1.6 Quality Control Department  
• Ensures the quality of flour and bran products. 
• Inspects the products at different stages of operation. 
• Reports to the executive manager for non–conformities and problems    
   concerning quality. 
• Responsible for Lab activities. 
However, the organization structure lacks major elements such as costing 
system, marketing, provision and research. To improve the structure, the 
following features (elements) were needed. These include: 
Training, planning, research, follow up and development department. 
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For better strategic deployment of resources, the mill would be better     
served if a cultural change where teamwork and employee involvement are 
considered a competitive advantage, a focus on the customer with customer 
satisfaction in the master plan, a more disciplined approach to planning that 
focuses all employees on the quality objectives. 
6B.2  Proposed mission for Flour Mill 
No attempts have been made in the milling factory to state clearly the 
mission to address or even identify the objective function of such producing 
firm. Before indulging in product development, the author would propose a 
clear mission for the flour mill under investigation. This could take a form of 
a short phrase such as “to be number one in milling” or “seeking excellence” 
or “flour fine tuning”. The later could be adopted as the proposed mission 
for El Mizab flour mill for the following reasons. First, it catches an eye in a 
specific flour milling niche. Second, it is an engineering terminology that fits 
the core competence of El Mizab. Third, it strives for standardization in the 
flour milling industry. Fourth, it describes the new range of products to be 
produced in the future.  
Another important proposed improvement is directed to the baking section 
of El Mizab, particularly in its laboratory. At the baking section within its 
rheological laboratory in order to develop individual, customized solutions 
based on enzymes, oxidizing agents and other baking, there is a need to 
activate substances, to give advice on making ready mixed flours and 
composite flours; and to train bakeries employees in this technique. 
Moreover, there is a need to align the efforts of all stake holders and to focus 
them on a single objective. This proposal an effective way to galvanize the 
team around the fact that there is one common purpose and a single super – 
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ordinate objective. In this process, program goals were established to enable 
the flour milling to produce best flours and consequently properly balanced 
dough processing. Accordingly, a properly balanced dough is required, as 
outlined below. 
This section deals solely with the importance of the rheological optimum. A 
good practice by some baking activates substances to replace the complex 
subject of flour improvement and quality assurance on three pillars and 
deduced the following principles:- 
• Dough must be within the rheological optimum.  
• Dough must be within the enzymatic optimum. 
• The rheological optimum and the enzymatic optimum must be 
properly balanced. 
The author has chosen this topic because the rheological and enzymatic 
optimization of dough with their subsequent processing in mind is the 
crucial technical task with which every bakery is faced. 
Flour and water together form systems of greater or lesser viscosity, which 
solidify when baked. Rheology can be applied to both states unbaked and 
baked – in order to arrive at findings about quality. In this juncture, it is 
essential to define the basic rheological properties. 
The expression "rheological optimum" is a precise technical term for a 
phenomenon every baker has observed in practice. The rheological optimum 
is not a rheological maximum. Those who check the development of their 
dough with the aid of analytical methods and rheological measuring 
instruments know that they have to adjust the properties of the dough to the 
range of subsequent processing. The rheological optimum is closely bound 
up with the enzymatic optimum, and the two must be in equilibrium. 
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These are taken to be the parameters of consistency, viscosity, elasticity and 
plasticity. To determine these properties, it is necessary to measure the 
effects of deformation forces on the dough. These forces may be of any 
magnitude great or small – with corresponding measurement results. In 
dough rheology, the focus is on viscosity and elasticity. It is also possible to 
measure rheological processes today using physical accuracy. 
In order to distinguish between empirical including, descriptive, imitative 
and conventional, rheometry and fundamental (both absolute “scientific”) 
rheometry. Fundamental rheometry is the basic for describing and measuring 
the flow properties of plastic. Since the equipment involved is very 
expensive, it has not become established in cereal processing. It is equally 
important to attach the flowery descriptions of dough and pastry properties 
to be used and preferred in practice. In this context, the observations of 
experienced bakery practitioners and the resulting bakery jargon continue to 
yield extremely valuable information when it comes to describing product 
properties, including problematical ones. However, it is very difficult to 
translate such descriptions as an objective to quantify them or to relate them 
to quantitative methods. This indicates that it is difficult or impossible to 
apply them to other testing environments (such individuals, laboratories, and 
other applications). Nonetheless, this task has to be performed by the 
measurement methods described in Appendix (C). 
First, sensory manual testing could be performed by flour and baking 
experts. More importantly, baking tests provide important supplementary 
information that is needed to confirm the relevance of other measurements. 
It can hardly be over emphasized that the baking tests are the test method 
that ultimately decides the nature and quality of the flour improvers to be 
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added. That is, only a baking test can provide definitive clarity about the 
positive impact of correction treatment. 
Table (6-4) describes quality parameters of untreated wheat bread flour 6B. 
The following experiments were conducted on quality control test to detect 
significant differences between treatments and show significant change. 
Table (6-4): The Rheological Optimum 
Desirable Quality Parameters of Untreated Wheat Bread Flour 
Parameter  Guide Value Unit 
Gluten Total Protein 11 – 14 % dry matter 
 Crude gluten 25 – 32 % dry matter 
 Gluten Index 85 – 95  
Farinogram Stability >10 min 
 Dough Softening <40 BU 
Extensogram Resistance (R) 300 – 500 BU 
 Extensibility (E) 130 – 200 min 
 Resistance/ extensibility 
ratio (R:E) 
 
1.5 – 2.5 
 
 Energy 90 – 120 mm2 
Alveogram Resistance (P) 60 – 90 mmH2O 
 Extensibility (L) 90 – 140 mm 
 Resistance/ extensibility 
ratio (P:L) 
 
0.8 – 1.2 
 
 Energy 250 – 400 J . 10-4 
Source: best flours, Newsletter for the Flour Improvement Division, September 2003, P.5 
To this end, the study designed the following spread sheet fig. ( 6.8 ) to guide management and its 
work- force to implement the proposed work – plan. 
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Fig.(6-9): The spreadsheet for El Mizab mill 
Process 
Control 
Features 
\ 
Control 
Subject 
Units of 
Measure 
Type of 
Sensor Goal 
Frequency of 
Measurement 
Sample 
Size 
Criteria 
for 
Decision 
Making 
Responsibility 
for Decision 
Making 
Test 
Weight Kg/hl Kg/hl 
77.2 
kg/hl Continuous 
Bushel 
Weight 
Reject 
below 
38 kg/hl 
Quality 
Control 
Department 
Manager 
Moisture 
Content Percentage 
Lab 
analysis 
electric 
moisture 
meter 
14% 
max. 1/ lot 
A bar 
probe 
(8 – 
14)% 
Q.C. 
technician 
Protein 
Content Percentage 
Lab. 
Chemical 
analysis 
20% 
max. 1/ lot 1/4 kg 
6% – 
20% Q.C. tech. 
Falling 
number Sec. 
Lab. 
Analysis 
250 
sec 1/ lot 
100 
gms  Q.C. tech. 
Foreign 
matter 
((dockage)) 
Percentage Sifter 2% max. 1/ lot Bushel 
1.4% – 
2% Operator 
Milling 
test Percentage 
Check 
plan 
sifter 
77% 1/ hr 
Small 
scale 
milling 
test 
5 gms 
72 – 
77% operator 
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6B.3  Discovering El Mizab mill customer 
needs.  
Similar to that of the Ammunition factory, the critical customer for El Mizab 
was the "ultimate customer" namely, the person who would purchase the 
bread.  However, the other vital few external customers would include the 
Bakery, biscuits and pastry factories, Internal Media dealers and suppliers of 
bran. 
However, demand for several flour  products (such as bread, biscuits, 
pastries, and other confectionaries) varies among users (such as bakeries, 
factories, householders, ... etc.). In addition to the precarious market share 
for different products and high return on sales. These problems suggest 
urgent needs for the flour industries to resort to quality improvement, as 
recommended in this study, particularly the following review of progress.  
6B.4 Review of Progress 
Al Mizab expressed interest in benefiting from the findings of the study. 
Accordingly, several visits and correspondences with the management of Al 
Mizab took place during 2005 and 2007. The following check – list on 
applying the adapted Juran triology concepts emerged from the discussion. 
The issues raised during the discussion are summarized below. 
6B.4.1 Quality Planning 
Are customers clearly defined? 
Are customer requirements clearly discovered? 
Are the requirements of owner clearly defined? 
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Are employee requirements clearly defined? 
Are any other major stakeholders identified? 
Are their requirements clearly defined? 
Are decision makers named? 
Are the product & processes have been developed? 
Is quality accorded top priority? 
Does the chairman benchmark any competitive mill? 
Do you have clear vision and mission for the mill; if so, specify. 
Is your organization structure aligned with the vision, mission and their 
strategic objectives? 
Are the employees involved in preparing the vision and mission statement of 
the mill? 
Do you have information and database system? If yes is it consistent with 
your organization structure. 
How is the data processed, utilized, and reported? 
6B.4.2 Quality Control 
What are the main functions and activities of the quality control unit? 
Who are the main beneficiaries from quality control unit? 
Is there any feed – back from beneficiaries? 
Is the quality control unit adopting quantitative techniques such as control 
charts? 
Is the unit conducting process capability study? If so, what are the conditions 
of the facilities? 
Do you have future plan to adopt new techniques? 
Is the purchase unit keeping records about vendor rating? 
 142
What are the main functions and activities of storage? 
What is the maximum percentage of rejects in wheat, flour, bran and sacks? 
How is the reject utilized in each category "wheat, flour, bran & sacks" 
Are there written product specifications, process specifications, and work 
instructions? If so, specify. 
Are they accessible to all workers in the line of production? 
Do you have guidelines for quality assurance? If so, specify. 
Have the workers been adequately trained to understand the specification 
and perform the steps needed to meet the specification? 
Do you have performance evaluation criteria? If yes specify? 
Are you planning to modify or adopt performance evaluation system? 
Does the worker receive specification changes regularly? 
6B.4.3 Quality Improvement 
Do you have incentive plan? 
If yes, is it related to the performance evaluation system? 
Do the top management revise the reward system frequently? If yes, 
"mention the period" 
Are personnel acquainted by the entire organization? 
Is there regularly scheduled training to provide personnel with current 
information on customer needs and new technology? 
Is the maintenance plan scheduled annually? 
Is your workshop suitably equipped? 
Are the repair men trained in conducting diagnosis and remedial survey? 
Do they apply these techniques in their job? 
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Is Al Mizab seeking ISO certification or international quality award? If so, 
when? 
How frequent do management meet with concerned department/ staff on 
brain storming? 
 
The summary of the findings from the final response received from Al 
Mizab mill, as presented in Appendix E, are analyzed and tabulated in the 
following matrix, table (6.5). 
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Table (6.5) Response matrix 
Implementable immediately 
action plan 
Intermediate plan Future action plan 
The vision is "To be number one 
in the milling industry" 
Accepted and adopted 
Contracted to a painting shop To be posted at the entrance. 
The mission is "flour fine tuning" 
Agreed upon in principle 
Subject to review by staff 
To be discussed and improved by the 
staff 
To be posted at the entrance and 
enhance empowerment. 
Adopted organization structure 
Implementation of reform 
Separation of production, quality 
control, and maintenance units 
from each other. 
Prepare job description accordingly 
Introduce modern organizational 
techniques 
Monitor progress 
Evaluation of the impact of the 
reform 
Feed back – further empowerment. 
Introduce database and 
information system 
Computerize database and 
information system. 
Operationalizing the new database 
and information system across 
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Establish the unit and 
responsibilities 
Format of data collection and data 
analysis. 
Start collection of data. 
departments. 
Monitoring and evaluation of the 
system. 
Enhancing future empowerment and 
efficiency. 
Accepted and introduced regular 
training program "Both 
organizationally and technically" 
Prepared and tested training modules 
Starting implementing the training 
program 
Monitoring and evaluation of the 
program 
Make training as part of the 
empowerment and performance 
evaluation system 
Benchmarking and ISO Standards 
accepted in principle. 
Collect information on suitable 
benchmarking of requirement for 
ISO standards. 
Establish cross departmental team 
chaired by management to review and 
study benchmarking and 
standardization. 
Management to take decision on 
disseminating the information to all 
departments and seek implementation. 
Implementing benchmarking and 
ISO standardization in the milling 
industry. 
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T.Q.C. system is accepted. 
Conducted bakery survey for feed 
back. 
Introduce inventory control 
system 
Collect & analyze survey data. 
Collecting information about vendors. 
Vendor rating. 
Improve utilization of wheat, bran 
& sacks. 
Computerize system for purchase 
and storage of wheat, bran & sacks. 
Initiate frame work for 
spreadsheet for customize it. 
Initiate process capability study. 
Introduce tolerance limits for 
reject in wheat, bran & sacks. 
Create good relation with suppliers. 
Build system of control charts. 
Add technical specification and other 
related data to spreadsheet. 
Improve utilization of wheat, bran & 
sacks. 
Collecting data on rejects. 
Implement modern system for 
disposition of rejects. 
Develop program for control charts 
system. 
Complete guidelines and computer 
system for spreadsheet. 
Utilization of the system across 
departments. 
Full statistical analysis of tolerance 
limits and T.Q.C. 
Improve awareness and 
empowerment of staff on quality 
control and optimum utilization of 
resources. 
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Accepted utilization of a well 
programmed public relations 
campaign. 
Implemented annual Ramadan 
Iftar. 
Other social gathering. 
Introduce external training 
program to enhance exposure. 
Introduce speaker program and 
workshops. 
Create networks of veterans 
retired employees & experts. 
Improve social relations among 
employees. 
Enhance empowerment. 
Utilize social characteristic into 
performance evaluation system. 
Add to database experts veterans and 
retired employees. 
Develop & implement preventive 
maintenance system on scientific 
basis. 
Incorporate social responsibility and 
cultural change in the industry. 
Update and maintain database & 
information system. 
Integrate the preventive 
maintenance system into 
maintenance & repair system. 
Integrate external & integrate 
training system with the expert 
system. 
Full audit by ISO in 2010. 
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It is evident from the above contribution as well as the implementation plan of 
Al Mizab that an organization structure, new technical specification and 
standards together with a T.Q.C. system and improvement have been 
implemented sequentially, to the extent that by the year 2010 Al Mizab will be 
audited by ISO. The purpose is that Al Mizab will be number one in the milling 
industry, as stated by its accepted and inscribed vision statement. In the mean 
time, Al Mizab has already improved the reject of wheat, bran and sacks by 
20% and more saving are expected to be announced in the near future. 
The same findings could be echoed by Al Shagara Ammunition factory and the 
growing military industry, as discussed in section 6B. It is also evident that Al 
Shagara Ammunition factory has already adopted the recommendations of the 
study, given the growing and expanding military industries at unprecedented 
rate compared with other industries in Sudan. However, for security measures 
and confidentiality of data, detailed information can not be reveled at the 
prevailing state of the art.  
The reader may recall that the ultimate goal of this study was to develop a 
comprehensive approach to manage and link production control, quality and 
maintenance activities with the aim of minimizing losses and cost of production 
in the two factories, fig. 6.10) below. Contribution of activities to improve 
quality and minimize losses. 
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Fig.(6.10):  Contribution of Activities to Improve Quality and Minimize Losses 
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7. CHAPTER SEVEN 
CONCLUSION & RECOMMENDATIONS 
7.1. Conclusions  
From this study, it is concluded that the following factors characterized the case 
study, common factors that inhibit quality production in the selected factories 
include:- 
- Lack of clear aspired vision, mission, strategy, long and short term goals 
and activities. 
- Lack of information system and statistical data for planning purposes, 
control, and for effective decision making. 
- Inadequate organization structures and full empowerment to the different 
levels of management and the workforce. 
- Wide gap of quality and its negative impact on customer satisfaction. 
- Poor quality control system is applied. 
- Inadequate inventory control, raw materials and parts are not purchased 
on scientific and economical basis. 
- Adding other supporting points such as:- 
- Absence of training systems. 
- Absence of maintenance plans and equipped workshops. 
- Neglecting the strategic deployment and benchmarking, compared with 
other successful organizations following ISO requirements. 
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- Inadequacy for mobilizing and institutionalizing continual quality 
improvement. 
- Lack of aspiration to seek the international quality awards. 
Based on the above several visits, interviews and assessment of factory data, 
recommend the following improvements to enhance quality performance in the 
selected factories. 
7.2. Recommendations  
Since the Ammunition Factory and El Mizab mill will serve security in term of 
defense and food security, it is paramount that these producing units operate at 
international standards, be competitive and introduce modern production 
techniques and managerial skills. For this purpose, the management of the two 
factories should be selected on stringent criteria.  
• Managers must be given full responsibility and authority to run plants 
on profit and loss basis. Also full empowerment must be prevailing from 
upper level down to the workforce. 
• For the factories to operate efficiently, Juran triology process should be 
in place 
• Specified targets to be achieved over a stated planning horizon must be 
set. A clear vision, mission statement be precisely outline and placed in a 
prominent place, it is imperative that such a plan be adhered to, 
monitored and followed up occasionally.   
• Units which are lacking should be established and included according 
to the principle of the right man in the right place basis. 
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• Designing training programmes to enhance target attainment and 
retaining of staff. 
• The board of directors in both factories may allocate enough resources, 
preferably specified funds to import production requirements, including 
raw materials, tools and parts. 
• Given the importance of security for national development, the 
selected factories would be inspired to produce at internationally 
accepted standards of quality products. 
Accordingly, globalization and its implications on output produced by these 
factories features prominently in this study. 
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APPENDIX A: DRAWINGS & DIAGRAMS 
 
Fig.(A-1): Bullet Dimensions 
Total Weight: 9.33 + 0.13 Grammes. 
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Fig.(A-2): Case Dimensions 
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Fig.(A-3):  Load and Assembly 
Sequence of Operations for Cartridge, Ball 
CASE
CARTRIDGE
PROPELLANT
BULLET
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Fig.(A-4):  Cartridge Dimensions 
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Fig.(A-5):  Case Manufacturing CAL.7.62x51 MM 
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Fig.(A-6):  Bullet Manufacture CAL. 7.62x51 mm. NATO 
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Fig.(A-7):  Loading & Assembling Cartridge 
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APPENDIX B: AMMUNITION SPECIFICATIONS  
To govern manufacture and inspection of cartridge 7.62 x 51 mm "NATO" 
Section 1: General 
1- The dimensions and form of the round are to be strictly in accordance 
with the design and the quality and materials are to conform to the 
specification. Except with the sanction of the Sudanese Ordnance 
Corps, no departure is to be made from the dimensions laid down to 
the drawing and no change is to be made in the quality or nature of the 
materials or in the methods of treatment in manufacture where such 
are laid down in the specification. 
Any question relating to the drawings or this specification should be 
referred to the Sudanese Ordnance Corps. 
2- Where the drawing or specification permits a choice of alternative 
materials or forms for particular components, the manufacturer shall 
notify the inspecting officer, in writings which of the permitted 
alternatives he chooses to produce. If the choice of alternatives is 
changed during the course of the contract, the manufacturer shall 
again notify the inspecting authority of such change. 
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Section 2: Components & Materials 
1. CASE 
The case is to be manufactured in accordance with the drawing from 
brass containing 71.5% copper and 28.5% Zinc. 
1.1  The finished case should conform to the following hardness 
figures and must not be departed from without prior reference to 
the Inspecting officer. 
Position 
0.25" (6.3 mm) to Mean difference  
between these two 
points.  
 Maximum at 1.5"    10 
1.5" (38.1 mm) from  ((38.1 mm)
Base Minimum at 1.5"  160 
 (38.1 mm) 130 
 1.2  The finished case is to be concentric, of clean surface externally 
and internally, free from scratches, flaws, folds, spilly metal or 
other similar defects. 
 1.3 Before loading into complete rounds, cases will be submitted to 
case proof as laid down in section – 4 proof, of this specification, 
and in addition will be tested for case capacity. Thereafter the 
cases will be accepted for loading or otherwise at the discretion of 
the Inspecting officer. 
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2. CAP 
The metal used for the manufacture of the cap shells is to be brass of the 
same quality and composition as used for the case. The cup is to be circular, 
fit tightly in the cap chamber so that there is no blow back when the round is 
fired and is to be clean free from scale, lamination or other surface defects. 
  2.1 A number of filled caps (minimum 40) will be selected from 
each lot and assembled into cases. 
The caps will not be ringed – in. The capped cases will be tested for 
sensitivity and insensitivity in an approved apparatus, using a carbon steel 
ball weighing exactly 80 (227 grms) 
  2.2 A minimum of 20 caps will be tested for sensitivity by 
dropping the steel ball 7 inches (17.8 cm). One hundred percent, of the caps 
tested must fire satisfactorily. 
  2.3 A minimum of 20 caps will be tested for insensitivity by 
dropping the steel ball 2 inches (5.08 cm). One hundred percent of the caps 
tested must not fire.  
  2.4 Should a failure occur in either test, a second proof will be 
taken, and should failure occur in the second proof, or more than one at the 
first proof, the lot of caps will be rejected. 
3. CAP COMPOSITION 
The cap composition is to be composition VH.2 and must comply with the 
current approved specification. 
4. BULLET 
The bullet will be made to the form and dimensions shown on the drawing. 
The metal used for the envelope will be gilding metal and will consist of:- 
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Copper  =90% 
Zinc  =10% 
The core will consist of: 
Lead  =90% 
Antimony =10% 
From each day's run of work, or any other form of lotting agreed with the 
manufacturer, at least 80 bullets will be selected at random from the 
machines, loaded into complete rounds, and subjected to the following test:- 
4.1 60 rounds will be fired for bullet casualty. 
4.2 10 rounds will be fired for bullet recovery. Should a defect occur at 
the first proof, a second proof will be taken, and if there is a further 
similar defect at the second proof, or more than one at the first 
proof, the bullets may, at the discretion of the Inspecting officer be 
rejected. 
5. PROPELLANT 
The propellant is to be single base or double base of an approved type 
and charge that will meet the ballistic requirements indicated in section – 
4. Proof of this specification. 
6. VARNISHES 
The varnishes to be used if prior permission is obtained. 
 Varnish cap Annulus is to be coloured with an approved purple dye 
and must not chip off during firing. 
 Varnish cellulose Ester, lead free, coloured with an approved dye 
is to be used for the disc and internal surface of the cap. 
 Varnish, oil – bitumen (Rd, 1219) is to be used for the internal 
varnishing of the case mouth. 
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7. DISC 
The discs are to be made form paper, writings Parchment and are to be clean 
cut, circular and free from perforations. 
Section 3: Assembly 
1. CAP 
After charging and discing, the disc is to be varnished in such a manner as to 
form an effective waterproof seal and the assembled cap is then to be 
thoroughly dried. 
2. INSERTION OF CAP IN CASE 
The cap is to be inserted in the case and secured as shown on the drawing. 
The cap must be a tight fit in the cap chamber and there must be no 
distortion of tilting of the cap, or distortion of the anvil or cap chamber. 
After securing, the cap is to be varnished with a purple varnish so as to seal 
the junction of the cap chamber. 
The residue of the purple varnish is to be removed so that the surfaces of the 
cap and base of the case are left unvarnished. 
3. BULLET 
The bullet core is to press home so that it completely fills the envelope, the 
end of which is to be pressed over the base of the core as shown on the 
drawing. 
4. INSERTION OF BULLET IN CASE 
Before insertion of the bullet, the internal neck of the case is to be varnished. 
After varnishing the internal neck of the case, the bullet is to be secured in 
the case within 7 days, and this period is only to be exceeded with the prior 
permission of the inspecting officer. 
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The force required to extract the bullet must not be less than 70 lbs (32 kg) 
and the securing of the bullet must not cause undue stresses in the metal of 
the case. 
5. COMPLETE ROUND 
The assembled rounds must be of uniform weight, and each and every round 
of the lot must not vary more than plus or minus 8 grains (0.5 grms) from the 
mean weight.  
One round = round's mean weight + 0.5 gm. 
 The mean weight will be obtained by carefully weighing one hundred rounds 
and dividing the result by 100. 
Section 4: Proof 
1. QUANTITY FOR PROOF 
The quantity selected for proof will normally be 500 rounds per lot, but the 
quantity may be increased at the discretion of the Inspecting officer. 
2. CASE PROOF 
When loaded with the assessed service charge and heated to 175 f° (80 C°) 
for 2 hours and fired, both dry and with chambers oiled, from service 
weapons with maximum cartridge head space permitted in the service, there 
must be no separation or distortion of the case and no serious cap casualty. 
Cases failing to comply with these conditions, may at the discretion of the 
inspecting officer, be rejected. 
3. AIRTIGHTNESS TEST 
The finished rounds must be airtight and may be subjected to rough usage 
trials to ensure that the ammunition retains this quality when packed in 
service packages. 
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3-1 A vacuum test will be applied, as detailed in section 8, and must show 
not more than 20% fast leaks or 50% slow leaks or any equivalent 
combination of these two defects. 
4. VELOCITY 
The mean observed velocity after correction by the results obtained with 
standard Ammunition fired on the same day in the same barrel is to be 
within 2660+ 40 ft/sec. (810.7 + 12.2 m/sec.) measured at a distance of 90 ft 
(27.5 m) from the muzzle, the rounds being heated to 80° F(27° C) before 
firing. The mean difference of the velocities from the mean velocity is not to 
exceed 30 ft/sec (9.2 m/sec.). 
Ammunition will not be rejected under this clause on the result of less than 
20 rounds. 
5. PRESSURE 
The mean pressure in the chamber, after correction by the result obtained 
with standard Ammunition, fired on the same day in the same barrel, is not 
to exceed 22.3 tons/sq. in (3512 kg/cm2) and the pressure of no single round 
is to exceed 23.8 tons/sq. in (3748 kg. cm2) as measured in a radial pressure 
gauge, using service 'L' coppers initially crushed by a dead load of 954 lbs 
(432.7 kgs) , the rounds being heated to 80° f (27° C) before firing. 
 Ammunition will not be rejected under this clause on the result of less than 
20 rounds. 
6. ACCURACY 
When fired from a service 7.62 mm weapon or barrel mounted in a fixed rest 
at a range of 500 yards (457 m), the mean figure or merit of not less than 4 
targets of 20 rounds each must not exceed 8 inches (20.3 cm). A shot which 
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strikes more than 3 feet (91.4 cm) from the mean point of impact of that 
target will be considered a miss. 
If the mean figure of merit exceeds 8 inches (20.3 cm), or if a miss occurs, a 
second proof will be taken. If the mean figure of merit exceeds 8" (20.3 cm) 
on the second proof or more than one at the first proof, the ammunition may 
be rejected. 
7. HANGFIRES 
The cartridges must fire with regularity, and be free from hang fires. 
Cartridges will be deemed to show hangfires if the variation in the period 
which elapses from the time the striker hits the cap to the emergence of the 
bullet from the muzzle, as measured by a chronograph or other suitable 
means exceed two thousand of a second. 
Should a hangfire occur at the first proof, a second proof will be taken, and 
should a hangfire occur at the second proof, or more than one at the first 
proof, the ammunition, may, at the discretion of the Inspecting officer be 
rejected. 
8. CASUALTY 
A portion of the cartridges selected for proof will be fired to ascertain that 
they are free from other defects. These rounds may be fired in rifles or 
machine guns of any service type, and in any state of wear within service 
limits. They must be easy to load and extract without splitting or fracture of 
any kind. If there is a misfire, audible hangfire pierced cap, escape of gas 
around the cap, stripped envelope, bullet which fails to take the rifling, or if 
the ammunition gives excessive metallic fouling or shows any other defect 
which the Inspecting officer may consider of importance at any proof 
whatsoever, a second casualty proof will be taken. If there is a further 
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similar defect at the second proof, or more than one at the first proof the 
ammunition may be rejected. 
9. BURST CASE 
A burst case is defined as any separation or fracture of the metal of the 
cartridge case within 1 inch (25.4 mm) of its base. 
Should a burst case or cases occur at any proof the delivery may be rejected 
and a special examination for case defects will be made of adjacent 
deliveries. 
10. LIABILITY TO SEASON CRACKING 
(i) Complete round test 
A number of complete cartridges will be subjected to mercurous nitrate test 
as detailed in section 9. After immersion in the mercurous nitrate solution no 
cartridge case shall show cracks in any part. 
(ii) Fired case test 
A number of complete cartridges will have the bullet and powder removed 
and the cap fired. The cartridge cases will be subjected to the test as detailed 
in section 9. After immersion the cases will be rinsed and the mercury on 
and in the cases removed by heating. 
No cartridge case shall show cracks in any part. This test will be 
discontinued when 5 consecutive lots are found free of splits. 
11. GENERAL DEFECTS 
Should the firing proof or examination of any delivery bring to notice any 
defect which in the opinion of the inspecting officer, affects the 
serviceability of the cartridges, the delivery may be rejected or further proof 
taken at his discretion. If the defect is one which is liable to be present in 
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adjacent deliveries, increased proof may be taken also from these even if 
they have already been accepted. 
Proof of adjacent deliveries may be continued until three successive 
deliveries are found to be clear, both prior and subsequent to the delivery 
exhibiting the defect. All deliveries from the first to the last exhibiting the 
defect may be rejected, even if some of these have not actually shown the 
defect, and the acceptance of any of these deliveries which may already have 
been accepted may be cancelled. 
The rounds will be stamped on the base as shown on the drawing. The year 
of manufacture will date from 1st January to 31st December. 
Section 5: Delivery 
1 The rounds normally will be supplied in lots which do not exceed 
500,000 and which should not be less than 250,000. 
2 Rounds manufactured from different batches of propellant are to be kept 
separate, each delivery being made from one batch of propellant only. 
Section 6: Inspection 
1. Method of Inspection 
The components of the rounds may be inspected and/or proof tested during 
manufacture by, and on completion will be subject to examination, testing or 
analysis by, and to the final approval of the inspecting officer, who shall, as 
a condition of the contract, have right of entry into the Manufacturers 
factory. 
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2. Taking of Samples 
The inspecting officer may, at his discretion, take samples of any materials 
used in the manufacture of the rounds or samples of any of the components 
or complete rounds for purpose of testing or chemical analysis. The table in 
Appendix "C" sampling plan should be used to determine how often you 
read to sample. 
3. Final Inspection 
The finished rounds will be weighed, gauged and examined, and a portion of 
the proof quantity will be broken down to ensure that rounds and 
components comply with the specification or drawing, or which exhibit 
scratches, damage or other defect, may be rejected. 
4. Resubmission of Rejected Rounds 
Rounds rejected under this specification are not to be resubmitted without 
the permission of the Inspecting officer. 
Section 7: Airtightness Test 
The cartridges to be tested will be completely immersed in water to a depth 
of 4 inches (102 mm), the air over which will be evacuated to a pressure 
corresponding to a column of mercury of height 20" (508 mm). i.e. a reading 
of 10 inches (254 mm) of mercury or vacuum gauge. 
The vacuum will be maintained for two minutes and the results classified as 
follows: 
(a) No leak 
(b) Slow leak: A series of air bubbles appearing at the cap and/or the mouth 
of the case, at a rate such that only one bubble from individual cartridges, 
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from either the cap or the mouth is in transit to the surface, at any one 
time. 
(c) Fast leak: A series of air bubbles, appearing at the cap and/or the mouth 
of the case, at a rate such that more than one bubble from individual 
cartridges, from the cap or the mouth is in transit to the surface, at any 
one time. 
Section 8: Mercurous Nitrate Test 
1. Solution Required: 
(a) Degreasing solution: Acetone 
(b) Nitric Acid Solution: 40 parts Nitric Acid. (specific gravity 1.42) diluted 
with 60 parts of distilled water. 
(c) Mercurous Nitrate Solution: 1% mercurous nitrate solution made up with:  
10 grammes mercurous nitrate crystals 400 c.c distilled water. 
13 m.l. of nitric acid (specific gravity 1.42) 
Then adding this solution to sufficient distilled water to make one litre. 
2. Method Of Testing 
The cartridges will be thoroughly cleaned in solution (a), washed in running 
water, then completely immersed in solution (b) for 30 seconds. They will 
then be washed in running water and completely immersed in solution (c) for 
15 minutes, they will then be washed first in running water, then in solution 
(a) after which they will be examined for cracks. 
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APPENDIX C: WHEAT & FLOUR SPECIFICATIONS 
Section 1: Introduction 
It is widely accepted that wheat was first grown as a food crop about 10000 – 
8,000 B.C. 
Wheat is now cultivated in all parts of the world except the hottest tropical 
regions. 
After a period of slow progress, wheat became commonly regarded as the best 
of the cereal foods, and the availability of wheat for food was considered, sign 
of a high stage of civilization. The quality of wheat for bread production 
improved, and bread in one form or another became an important food for the 
worldwide. In fact, Boals (1948) stated that wheat had become a world symbol, 
reflecting the food situation for many millions of people and, equally important, 
indicating economic prosperity and political stability. 
Percival (1921) made the interesting observation that wheat is being harvested 
somewhere in the world in any given month: in January, in Australia, New 
Zealand, Argentina, and Chile; in February, in India; in March, in India and 
northern Egypt; in April, in India, Iran, Asia Minor, southern Egypt, Mexico, 
and Cuba; in May, in Japan, China central Asia, Morocco, Algeria, and Tunisia; 
in June, in the southern United States, southern France, Spain, Italy, Greece, 
Turkey, and Japan; in July, in France, the northern United States, Canada, 
Germany, Austria, Hungary, Rumania, Bulgaria, and the southern Soviet Union; 
in August, in England, northern France, Belgium, Holland, the central Soviet 
Union, Canada, and the United States; in September, in Scotland, Sweden, 
Norway, and Canada; in October, in the northern Soviet Union and Finland; in 
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November, in southern Africa, Argentina, and Peru; and in December, in 
Burma, Australia, and Argentina. 
Section 2: Criteria Of Wheat Quality 
The criteria of wheat quality are at least as varied as its uses. Wheat that 
is suitable or one particular use may possess certain qualities that render it 
entirely unsatisfactory for another use. 
Seven classes of wheat (durum, hard red spring, hard red winter, soft red winter, 
white, unclassed, and mixed) are established by the official U.S. standards for 
Grain (USDA – FGIS, 1987). The qualities of the different classes fit them for 
specific end uses (i.e. hard red spring and hard red winter flours for breads; soft 
red winter and soft white wheat flours for cakes, cookies, and pastries; and 
durum wheat flours and semolina for pasta). 
The differences between wheats of these classes, excluding mixed and 
unclassed wheats, are generally use – oriented, as opposed to the differences 
within classes due to variety, or within varieties due to environmental 
conditions. Environmentally caused differences within a variety may be 
substantial. 
Some hardness studies have shown a degree of heterogeneity in all tested 
varieties, a considerable overlapping of hardness commonality between winter 
and spring wheats. A number of the classes also share common characteristics 
and uses. Thus, data from farinograph, mixograph, amylograph, and baking 
tests, such as bake mix time, bake absorption, loaf volume … etc. are used to 
describe characteristics of spring and winter wheats. Both classes are used, 
alone and in combination, for many varied breads. 
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Descriptive data such as beak flour yield, alkaline water retention, absorption, 
and mixograph characteristics are used to describe both soft white wheat and 
soft red wheat, and these two types of wheat are used for many of the same 
purpose. In discussing wheat quality, it is best to first look at the different kinds 
of types of wheat. 
Section 3: Botanical Characteristics 
THAT DETERMINE WHEAT QUALITY 
Three significant species of wheat are grown in North America: Triticum 
aestivum L., to which most common varieties belong; T. Compactum Host, to 
which the club wheats belong; and T. durum Desf., to which the durum wheats 
belong. The grain of these three species differs considerably in quality 
characteristics, and the differences are reflected in the uses made of the milled 
products. 
The classes hard red winter, hard red spring, soft red winter, and soft and hard 
white belong in the species T. aestivum. The class of white wheat has 
subclasses in two species, soft and hard white winter in T. aestivum and club 
wheat in T. compactum. The classes durum and red durum wheat belong in the 
species T. durum. 
A wide range of wheat quality characteristics is available in T. aestivum (in 
fact, the complete range of quality available from U.S. wheat), with the 
exception of club and durum wheats. Kernel hardness and protein content vary 
widely within this species. Common wheat may be of either winter or spring 
growing habit and may have either red or white kernels. An outstanding 
characteristic of this species, from the standpoint of economic value, is that its 
flour is superior to that of all other species for the production of leavened bread. 
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Although most common wheat is used for bread flour production, varieties have 
also been developed that are particularly suited to the production of cake, 
cookie, biscuit, cracker, and pastry flours. Climatic and soil conditions also 
have a marked influence on the suitability of common wheat for specific types 
of flour. 
Club wheat (T. compactum) accounts for a minor portion of the U.S. wheat crop 
and is produced principally in Washington, Oregon, Idaho, and California. Very 
little club wheat is produced in Canada. Both winter and spring varieties are 
grown. Although there are varieties of club wheat with red kernels, commercial 
production in the United States is confined to the white varieties. The kernels 
have a soft texture and low protein content. Club wheat is not well suited for 
bread flour but is excellent for certain types of cake and pastry flours, where 
low protein content and weaker glutens are desired. 
Durum wheat (T. durum) is produced mainly in the north central United States 
(especially North Dakota) and the southwestern United States, in Saskatchewan 
in Canada, and in the adjoining states and provinces. Durum wheat has a spring 
growing habit. Varieties with red kernels are grown to a very limited extent or 
feed purposes, but the principal production is of the amber (white) varieties. 
The kernels are generally very hard in texture and rather high in protein content. 
Most of the durum wheat crop is used for the production of semolina or durum 
flour for pasta products because the qualities of durum gluten make it 
particularly desirable for this use but rather less suitable for breadmaking. 
Although variety is an important factor influencing wheat quality, wheat is 
seldom marketed on the basis of individual variety. It is common practice to 
segregate wheat as it comes to the market according to class, each class 
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consisting of a group of varieties with somewhat similar characteristics and 
generally suited for similar purposes. 
Section 4: Physical Characteristics 
THAT DETERMINE WHEAT QUALITY 
As stated previously, wheat quality has a different meaning or definition for 
each intended use of the grain. Good-quality wheat for making breads and 
specialty rolls must have a strong, extensible gluten, whereas good-quality 
wheat for baking cakes or cookies has only minimal gluten. It is highly unlikely 
that any one wheat could satisfy both needs. Thus, physical tests and 
observations of wheat actually describe some of its characteristics rather than 
evaluate its quality. 
In the process of marketing, wheat is often assigned a numerical grade, which 
depends on the results of certain tests. These tests include test weight, percent 
of damaged kernels, and the presence of material other than the predominant 
grain (foreign material, dockage, etc.). 
Section 5: Chemical Characteristics 
THAT DETERMINE WHEAT QUALITY 
A. Moisture Content 
Moisture content is one of the most important considerations in judging the 
quality of wheat. Under the U.S. Standards, moisture content is no longer a 
determinant of wheat grade, but it is reported on all samples for informational 
purposes. 
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Moisture content has direct economic importance because it is inversely related 
to the amount of dry matter in wheat. A 2,800-bu (987-hl) carload of wheat of 
14% moisture content contains about 2,800 gal (10,598 L) of water and, at a 
price of $2.50/ bu ($7.10/ hl), has an intrinsic value $420 less than that of a 
carload of the same wheat containing only 8% moisture. 
Even more significant is the effect of moisture on the keeping quality of wheat. 
Dry, sound wheat can be kept for years if properly stored, but wet wheat may 
deteriorate dramatically within a few days. It is not possible, however, to set 
precise moisture limits for the safe storage of wheat or to predict accurately 
how rapidly it will deteriorate at any given moisture content because factors 
other than moisture also have a marked effect on storage behavior. 
Nevertheless, under actual storage conditions, moisture content is usually the 
principal factor governing the keeping quality of wheat. Near the critical 
moisture level, small differences in moisture content result in relatively large 
differences in keeping quality. 
The intermediate method for determining moisture in wheat is usually 
considered to be the 130°C, 1-hr air-oven method (USDA-FGIS, 1986). 
Depending on the grind obtained, air-oven results usually agree with those 
obtained by the Karl Fischer method (Jones, 1981), considered to be one of the 
most accurate available methods for determining moisture content. Electric 
moisture meters, based either on the electrical conductance or the capacitance 
principle, are used to determine the moisture content of wheat for most 
purposes. These instruments must be calibrated against some intermediate or 
reference method, usually the air-oven method. Moisture determinations made 
with electric meters are subject to certain unavoidable errors but under carefully 
controlled conditions are usually accurate enough for most practical purposes. 
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These meters are of great practical value, particularly in routine inspections, 
because they measure moisture very quickly. 
B. Protein Content 
The protein content of wheat ranges from about 6% up to about 20%, depending 
in part on variety and class and on environmental conditions during growth. 
Flour containing at least 11% protein is usually preferred for the production of 
yeast-leavened bread. To produce such flour, the wheat must contain at least 
12% protein because 1 – 1.5% of wheat protein is lost to the feed fraction when 
the wheat is milled into flour. In many countries, "Sudan among them" climatic 
conditions preclude the production of wheat with that high a protein content, 
and consequently these countries usually import high-protein wheat to blend 
with their local wheat. Hard wheat of high protein content usually commands a 
premium price because it is in demand for blending with lower protein wheat 
for the production of bread flour.  
Flours for wheat products other than yeast-leavened bread generally are made 
from wheats of lower protein content. In some cases, the optimum protein 
content range is quite narrow. Table (C-1) shows the approximate protein 
content usually required for flour for different uses. 
((wheat-protein testing laboratories frequently make as many determinations in 
a day)) 
C. Protein Quality 
An entirely different approach to wheat protein quality is based on 
consideration of potential end use rather than on the nutritional characteristics 
of wheat. It is known that wheats with the same total protein content (as 
measured by the Kjeldahl process) procedure flours that behave quite 
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differently in baking operations, and in many instances these differences are 
attributable to qualitative differences in the gluten proteins. 
Table (C-1):  Protein Requirements of Wheat Products 
 
End Product 
Wheat Protein Content (%)
(14% mb) 
Type of 
Wheat 
Macaroni products 13.0 and above Durum 
Hearth bread and hard 
rolls 
 
13.5 and above 
 
Spring 
Pan bread 11.5—13.0 Winter 
Crackers 10.0—11.0 Soft/hard 
Biscuits 9.0—11.0 Soft/hard 
Cakes, pies, cookies 8.0—10.0 Soft 
Gluten quality is largely a varietal characteristic, although excessively high 
temperatures and low relative humidity during the period when wheat is 
maturing in the field have a marked deleterious effect on the quality of the 
gluten. Theories of the fundamental basis for differences in gluten quality and 
the methods used to evaluate the quality of gluten in flour or washed from flour 
are discussed later. 
Two tests are widely used for estimating potential bread-baking strength. Both 
tests are applicable to wheat and reflect, in part, differences in gluten quality. 
The wheat-meal fermentation time test, also called the Peishenke test or dough-
ball test (AACC, 1983, Method 56-50), is widely used in many countries for 
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estimating the potential bread-baking strength of wheat and is used by plant 
breeders in some countries in Europe and in Central and South America. 
Whole-wheat meal is made into small dough balls with a yeast suspension, and 
the dough balls are immersed in water maintained at a constant temperature. 
After a time, the dough balls disintegrate, and the elapsed time between 
immersion and the beginning of disintegration is referred to as the "test 
number." This time varies form less than 30 min for very weak wheats to more 
than 400 min for the strongest wheat. The test number is influenced by both the 
quantity and the quality of the gluten. The test number divided by the 
percentage of protein in the wheat gives an index of gluten quality alone. 
The sedimentation test (AACC, 1983, Method 56-61A) developed by Zeleny is 
another useful method for estimating the "strength" of wheat. Coarsely ground 
wheat is sifted to remove most of the bran, and a weighed portion of the crude 
white flour is suspended in water and treated with lactic acid in a graduated 
cylinder. The volume of the "sediment" (principally swollen gluten and 
occluded starch) after a 5-min standing period is the sedimentation value. 
Values (in milliliters) vary from about 3 for very weak wheat to 70 or more for 
very strong wheat. Like the test number of the dough-ball test, the 
sedimentation values influenced by both the quantity and the quality of the 
gluten. Dividing the sedimentation value by the percentage of protein in the 
wheat gives a "specific sedimentation value" that can be used as an index of 
gluten quality alone. Bread-baking strength can be estimated more closely from 
the sedimentation value than from the specific sedimentation value because it 
also is influenced by both quantity and quality of the gluten. 
The sedimentation test requires much less time than the dough-ball test and, 
because it is more objective, usually gives better agreement among replicate 
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tests. Zeleny et al (1960) pointed out the usefulness of the sedimentation test in 
early-generation wheat breeding work and the possibility of a microtechnique 
that would evaluate the strength of wheat from single plants while saving 
enough of the wheat for planting. Adaptations of the Zeleny procedure have 
since been developed (AACC, 1983, Methods 56-62, 56-63, and 56-70). 
D. Amylase Activity 
Rainy weather after wheat has matured in the field but before it is actually 
harvested may cause some of the kernels to sprout. Such kernels have very high 
∝-amylase activity. Current procedures for determining ∝-amylase activity 
include the amylograph, the falling number procedure, methods for determining 
∝-amylase activity, but the falling number test, also devised by Hagberg, has 
proved to be more practical for measuring ∝-amylase activity than the 
conventional chemical methods. The falling number is the time, in seconds, 
required to stir and to allow a viscometer-stirrer to fall a fixed distance through 
a hot, aqueous flour suspension being liquefied by the enzyme in a standardized 
apparatus (AACC, 1983, Method 56-81B). The falling number test is a useful 
tool in evaluating the quality of wheat, particularly wheat that may have been 
subjected to wet conditions at or just before harvest. 
E. Fat Acidity 
When wheat and other grains deteriorate in storage, various chemical changes 
occur (Pomeranz, 1982). Under ideal storage conditions, these changes progress 
very slowly, but when storage conditions are unfavorable, they progress more 
rapidly, reflecting faster deterioration. The breakdown of fats by lipases and the 
liberation of free fatty acids is the most rapid chemical change during grain 
deterioration and begins during the earliest stage of deterioration. 
 188
A convenient fat acidity test (AACC, 1983, Methods 02-01A, 02-02A, 02-03A, 
and 02-04A) has been developed to estimate the degree of soundness of grain. 
Fat acidity is defined as the number of milligrams of potassium hydroxide 
required to neutralize the free fatty acids from 100 g of grain and calculated to a 
moisture-free basis. 
Sound wheat has fat acidity values around 20. Wheat that has deteriorated in 
storage as a result of mold growth (including sick wheat), high respiratory 
activity, or spontaneous heating has high fat acidity values that, in extreme 
cases, may exceed 100 (Baker et al, 1959). Under most practical storage 
conditions, fat acidity in wheat increases after several years to levels 
considerably above those associated with freshly harvested sound wheat, even 
though the wheat shows no appreciable physical evidence of deterioration. Such 
wheat may still be useful for milling purposes, but the keeping and baking 
quality of the flour may be adversely affected by the deteriorative changes 
resulting from the age of the wheat as indicated by the fat acidity test. Low 
temperature and low moisture content during storage markedly reduce the rate 
of increase in fat acidity and other deteriorative changes. 
F. Crude Fiber and Ash 
Both the crude fiber and the ash content of wheat are related to the amount of 
bran in the wheat and hence have rough inverse relationships to flour yield. 
Small or shriveled kernels have more bran on a percentage basis and therefore 
more crude fiber and ash than large, plump kernels and consequently yield less 
flour. Wheat usually contains 2.0-2.7% crude fiber and 1.4-2.0% ash, both 
calculated to a 14% moisture basis. 
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Section 6: The Origin And Development Of The Miller's Trade 
Findings in ancient Mesopotamian and Egyptian cultural centres show that the 
first mills were grinding mills, with a gently sloping vaulted topstone and a flat 
understone. Even then, the bran was being separated from the flour by means of 
a screen made of papyrus and horse hair. 
For the production of breaks, a mortar and pestle were preferred; a grinding 
movement was replaced by a pounding one. 
Further developments lead to revolving or handmills consisting of a carved 
understone with a vertical edge and a rough-hewn base in which the grindstone 
was revolved by hand. 
The archetype of the grinding mill is thus already visible; its actual invention 
goes back to the Romans. 
For many centuries the horizontal grinding mill was the only machine used to 
grind grain into flour. Improvements during this long period concerned by no 
means the grinding but rather the methods of propulsion: from the hand mill to 
the animal powered mill through the water and wind mills to the steam mill. 
Low Grinding 
Which was already known in the 18th century in France as "Mouture rustique", 
is the simplest and fastest method of grinding grain into flour and bran. The aim 
of this method is the production of 65% -- 70% flour in a single passage. It is 
without doubt clear that in this forced grinding method, the grain must be 
strongly attacked. The husk is also ground into fine particles, so that later 
viewing makes it impossible to separate flour from ground husks, making the 
whole darker in colour. With humid and tough grains, kernels still containing 
flour will be piled up a second time. 
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In place of the stone mill, the low roller mill with four superimposed rolls and 
three successive passages has been developed. The sifting was usually done in a 
small plansifter. 
Low-roll Mill with Several Hexagonal Cylinders 
With time, client demands increased and several kinds of flour were requested. 
Instead of one hexagonal cylinder, they were placed one after the other, 
facilitating a better sorting of three kinds of flour. 
The Beginning of High Grinding 
In the years between 1760 and 1790, a simple kind of semolina milling became 
possible, whereby the various millstocks were reground in several steps. 
The purpose was a higher flour yield and a higher flour quality. 
Installation of the First of Purifier in Milling 
Through the invention of the purifier by the Lower Austrian miller Ignaz Paur 
in 1807, it became possible to clean the semolina and middlings of bran 
particles before milling, by means of an air current. The cleaned semolina and 
middlings were ground separately and produced a very good white flour, so-
called first-grade flour, which found a very good market. 
 
Terminology of the Miller's Products 
To understand the milling process, it is necessary to know the designations 
millers attach to the diverse processes in grain milling, as well as the resultant 
products. 
1. Breaking  Ber Bk: multi-staged working process to separate the husk from 
the endosperm as carefully as possible. 
2. Grading  DIV or Gr: sifting the resulting break products through wire and 
silk sieves, according to size, giving the following products: 
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Coarse breaks 
Fine breaks 
Coarse semolina 
Medium semolina 
Fine semolina 
Coarse middlings 
Fine middlings 
Dunst 
Break flour 
Granulation Enlarged 25 times 
Sieve overs, also called overtails, is the designation for all the products which 
do not go through the net of the sieve but pass over it (tailed). 
Throughs is the designation for all the products which pass through the net of 
the sieve. 
3. semolina and middlings purification. Unpurified semolinas and middlings 
contain  
a) clean semolinas and middlings 
b) composite particles 
c) bran particles 
The endosperm particles with adhering bran are called scratch stock or 
composite particles. 
The very light particles lifted together with the airflow are called beeswings. 
4. Scratch passages: (D) the remaining husks adhering to the endosperm are 
stripped off by a gentle treatment with rolls. 
5. Reduction: (C) The semolinas and middlings are reduced by using smooth 
rolls in a multi stage process into flour. 
6. Bran reduction: Br. Red, If the customers do not accept coarse bran it has to 
be reduced by hammermills or rollermills to get fine bran only. 
Finished products: 
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1. Household semolinas of different granulation 
2. Middlings 
3. First-grade flour (short patent, white flour) 
4. Bread flour (long patent, bakery flour of different ash content or colour 
grade) 
5. Lowgrade flour, feed flour (high ash content flour mainly used for animal 
feed) 
6. Fine bran 
7. Coarse bran 
8. Wheatgerm 
Section 7:  Units 
Generally in Europe (continent) the Hectoliter is expressed in 
Kilogram per 1 Hectoliter = kg/ hl 
1 hl = 100 lit = 100 dm3 = 0.1 m3 
In England the following weights are common: 
1 quarter = 8 Imperial bushels  =  290,7813 lit  =  2.91 hl 
1 Imperial bushel = 8 gallons  =  36,35 lit  =  0,3635 hl 
1 hl = 2,75 Imperial bushels 
1 Imperial gallon = 4,5435 lit 
 
1 lb = 0,4536 kg 
1 kg = 2,2045 lbs 
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1 kg/ hl = 0,814 lbs/ Imperial bushel 
1 lb/ Imperial bushel = 1.25 kg/hl 
U.S.A 
1 Winchester or USA bushel = 35,24 
1 hl  =  2,98 Winchester or USA bushels 
1 Winchester gallon  =  3,785 liter 
1 liter    =  0,2642 Winchester gallons 
1  kg/hl  =  0,74 lb/ USA bushel 
1 lb/ USA bushel  =  1,28 kg/ hl 
 
Section 8: Methods Of Removing The Impurities From Cereals 
There are various methods of freeing cereals from impurities, and of separating 
these impurities into groups. Separation of this kind can only occur according to 
the different external characteristics of the cereals and the impurities. These 
impurities include: rubble, corn, peas, beans, iron particles, stones, coal bits, 
sand, dust, straw, broken or damaged grains, oats, barley, cockies, vetch, garlic 
and small seeds. 
Close inspection shows great differences in these impurities: 
1. In their specific gravity/ density 
2. In their floating weight in an air current (air resistance) 
3. In their shapes 
4. In their lengths 
5. In their thicknesses 
6. In their widths 
size
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7. In their friction resistance (surface characteristics) 
8. In their magnetic properties 
9. In their compression strengths 
10. Colour grades 
These differences are more or less easy to manifest through particular working 
processes. The most important machines used in the cleaning process and in 
separating impurities according to their aforementioned characteristics are 
summarized below. 
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Table (C-2): The Most Important Machines Used In The Cleaning Process  
Differences Separating Method Products to remove Applied machine 
Water current Stones, coalbits, metal, glass 
light impurities, (overflow) 
Washer Specific gravity 
Air current in connection with 
slightly inclined screens 
Stones, metal, glass heavy and 
light impurities 
Drystoner Gravity separator 
Air resistance Air current Chaff, husks, dust, straw 
particles (all light impurities) 
Aspirators 
Shape Inclined sliding surface Vetches, wild mustard Vetch-band Spiral grader 
Length Indents Oats, barley, cockle, vetches Indented cylinder 
Indented discs 
Trickness Perforated metal sheets Rubble, corn, peas, beans, sand, 
fine weed seeds 
Sifting drum, Milling separator 
Minisifter 
Magnetic reaction Magnetic reaction Tramp iron Permanent magnet, Electro-
magnet 
Compression strength Compression Garlic Hard rubber rollers 
Elasticity Behaviour of impact and floatability Oats, barley, ergot Table separator 
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Section 9: Examination And Evaluation Of Cereals 
All grain delivered to a mill is examined as to its quality before it is placed in 
storage. 
Relative to the market situation, the examination serves to  
- fix a price and/or 
- compose quality groups for storage purposes. 
The following checks are customary: 
a) Administrative checks: 
- checking the bill of loading or delivery papers against the contents of the 
railway cars or the trucks 
- checking if the grain was negatively influenced by environmental factors 
during transport 
- weight checks. 
b) Checking the grain itself: 
- variety 
- odour / appearance 
- impurities (dockage) 
- insect infestation 
- moisture content 
- hectoliterweight / density 
- sprouted wheat (Falling-number) 
- protein quantity (NIR) 
- protein quality (NIR, Glutenindex) 
- hardness / glassiness (NIR, grain cutter) 
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Section 10: The Drawing Of Samples 
To examine the whole shipment, a sample is taken of several hundred grams. 
The entire shipment is judged according to this small sample, and thus, the 
sample taking must be done very carefully. Only in this way can results be 
achieved which are actually average for the shipment. 
A bar probe from about 10% of the sacks should be taken on delivery in sack 
form. 
When delivery is of loose grain, samples should be taken from at least 6 
places spread over the entire surface area. 
If the sample become too large, it can be reduced with the help of a sample 
divider. 
At least in the wholesale business today, automatic samplers are in use. At a 
particular place in the grain flow, these automatic samplers draw a small 
amount off. In a convenient disposition, these small samples can be 
transported directly to a container in the laboratory. After passage of the 
complete batch, the total sample is thoroughly mixed and, when necessary, 
reduced by means of the sample divider to the desired weight. 
 
 
Producer 
Tipping device/ hopper 
Waste
Producer Scales
Primary bin 
Laboratory 
Storage 
Precleaner
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Once the test results are available one can choose the appropriate storage 
bin. In case there is a waiting bin the wheat goes first into this bin until the 
test results are available and then to the storage bin. 
Getting the wheat in rather small batches, we may realize that there are small 
differences in baking quality although all the different batches belong to the 
same variety and the same quality group. These small differences may give 
problems because the customers expect a flour having an absolutely constant 
quality. In such a case one has to homogenize the wheat first. This can be 
done by discharging wheat from different bins at the same time and 
transferring it into another bin. Another method is to discharge wheat from 
several storage bins when transferring the wheat from the storage bins into 
the raw wheat bins. The first method has got the advantage, that we get big 
quantities of homogenous wheat which can be tested very carefully. 
Section 11: Determination Of Dockage/ Screenings 
Although there is a clear definition about the term dockage published by the 
ICC, there are very often arguments about this test. 
Basically, there are 2 groups of dockage: 
- grain dockage such as broken kernels, shriveled kernels, foreign grains, 
vermin damaged grain and discoloured grain. 
- Black dockage such as weed seeds, ergot, black rust, chaff straw, stones 
etc. 
Normally, 2 x 100 grams of grain are weighed out as a sample. These two 
samples can now be carefully inspected. 
A 4,5 mm coarse sieve and a 1,0 mm slotted sieve can be used. The 
inspection is facilitated through the use of these sieves. 
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Because the checking is subjective, the dockage determination is often done 
mechanically by means of a labofix. At least 400 gr are necessary when 
using a labofix. 
During dockage inspection, the following dangerous impurities are to be 
observed, and must be determined separately and tabulated: black rust, ergot, 
darnel, garlic and cephalaria. 
Odour 
Healthy grain has its own fresh smell. Mildew takes this smell away and 
causes the grain to become mouldy. If the grain is only slightly mouldy, the 
situation can be corrected with strong ventilation. Badly moulded grain 
results in bad smelling flour, and should not be used for human 
consumption, if only in quantities of 3% of the healthy grain. 
The grain smell can best be determined if the grain is first rubbed between 
the hands. 
CHECKS AT THE INTAKE 
Guidelines to check wheat which may be infested by beetles or which may 
be musty. 
Infested wheat 
In some cases it may be difficult to make sure whether a batch of wheat still 
contains living beetles. Especially when having cold weather conditions the 
beetles keep quiet and stay inside the partly hollow kernels. The sieving 
method with a 2.0 mm slit screen may not be successful. 
If living beetles are shaken they appear as if they were dead and remain in 
this position until every thing is quiet around them. 
Therefore it may be necessary to put a sample of the suspected wheat into a 
flat container and to spread it in a thin layer over the entire surface. A black 
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cloth, to keep the light off, will increase the effect. After that we heat the 
container up to about 30 – 35 °C with the help of a lamp. In a dark and warm 
place the beetles become active and will show up. 
Musty wheat 
Sometimes we are not quite sure whether a batch of wheat is slightly musty 
or not. In such a case, we should grind the sample of wheat and add warm 
water to make a dough. Any mustiness should now be easily discernable. 
Hectoliter Weight / Test weight 
The specific weight of a unit of volume states how much heavier a body is 
than the same volume of distilled water at 4° C. 
However, if with grain—like substances the space is not completely filled 
with material, but there is air between the particles, then the specific and 
hectoliter weights have different numerical equivalents. 
This is the case with grains. The hollow space amounts to about 40% of 
volume. Because a grain mixture includes grains of different size, shape, 
humidity and surface characteristics, as well as different contents of foreign 
impurities, it is impossible to calculate a relationship between specific 
weight and hectoliter weight. 
Hectoliter weight is a volume weight and must be determined by experiment. 
It is the oldest method of weight evaluation for grain, although it is not a 
faultless measurement because of its dependence on grain size and shape, 
humidity, surface characteristics and impurities. But it has not been replaced 
by newer methods of evaluation largely because it is fast and easy, it gives a 
simple numerical value and it is traditional. 
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As a rule, good grain batches have a higher hectoliter weight than bad ones, 
although hectoliter evaluations give no information on the health of the grain 
or on its packing quality. 
Determination is according to a 1/4, 1 or 20 liter grain probe. 
The determined weights according to hectoliters can be read from a table. A 
conversion table is necessary because wall friction with 1/4 or 1 liter is more 
influential than with a hectoliter container. 
!! The hectoliter—weight or test—weight gives a good information about 
the flour yield to expect. !! 
The information is even more precise if the wheat variety is known. 
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APPENDIX D: CONTROL CHARTS 
General 
The analysis of quality data is an important aspect of the unit quality 
management program. Basically, this quality data consists of inspection results 
recorded on Form "Data sheet tables". To permit a complete analysis of quality 
data it is necessary that inspection results be recorded in specific terms that 
relate to defects. 
A defect should be recorded for the specific characteristic inspected (e.g. length 
too long or too short, groove too deep or too shallow, powder chamber too long 
or too short … etc). Recording defects in specific terms will help to determine 
what corrective actions are needed. 
Control charts are used in quality management to illustrate quality trends in 
picture form and to reflect the degree of variation in the quality of products and 
processes. 
These charts readily show whether quality is deteriorating, improving, or 
remaining constant. This information indicates any need for corrective action or 
adjustments to inspection procedures. These charts will reveal only when 
trouble exists; not what the trouble is. What the trouble is and how to correct 
what causes it can be determined only by investigating and evaluating the whole 
process. 
PURPOSE 
Control charts are also used to indicate the degree of conformance of products 
or processes over a period of time. They reflect the relative comparison of 
quality to established standards or levels, or the degree of variation from the 
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average. Variation is inherent in all natural events. Variation in the quality of 
processed parts are inevitable. The idea of an exact repetitive operation is 
unrealistic. The sources of such variations are materials, machines, men, and 
processing conditions. The purpose of control charts then is to identify those 
instances when quality exceeds the acceptable degree of variation. Appropriate 
action should be taken at this time to return the process to an acceptable level of 
quality performance. 
DESIGN 
(a) Control charts must be tailored to the product or process to be controlled. 
Normally, charts will be limited to repetitive products or processes. 
(b) The most common control chart is the "P" (percent defective) chart. This 
chart shows the quality of defective products or processes as a percentage 
of the total inspected. The chart provides a convenient method of 
measuring lot-by-lot quality or day-to-day performance. Once a "P" chart 
has been established, it will provide an overall look at the production 
picture. It tells whether a process is operating in a normal pattern, as 
compared to past performance, or whether there are variations from day-
to-day that require action. The "P" chart may be used regardless of 
whether 100 percent inspection or sampling inspection is used. 
(c) Figure (6-5) is an example of the construction and information contained 
on a "P" chart. In this illustration the "P" chart shows inspections results 
obtained in machine No. 7171 "patrol inspection". 
Assume a 1/4% AQL. The desired quality level AQL 1/4% is indicated on 
the chart to reflect the relationship of the established goal with the process 
average. The upper limit (0.038) is reflected on the "P" chart to establish the 
degree of variation in day-to-day operations that can be expected to occur. 
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The inspection results are then plotted on the chart and process average (P) 
for the 25 consecutive observations is determined and indicated. In 
reviewing the complete "P" chart for the patrol inspection operation it is 
concluded that the operation is in a state of control since a large portion of 
values are below the control limit. 
If some defectives occur on certain date, it may require investigation to 
determine causes when identified. In addition, the degree of variance 
between the AQL and process average (P) indicates that some further 
adjustments may be required. Further trends of this operation should be 
closely observed to determine if a significant variance continues between the 
AQL and process average. 
If a wide variance continues, an increase in the AQL may be justified since 
the value may not be realistic and attainable. An alternative to an increase in 
the AQL may be the review of the process itself to determine adjustments 
that can be economically instituted to improve the quality level of item 
produced, thereby reducing the process average. 
Determination of appropriate action to be taken should be based on local 
evaluation of all factors involved. 
(d) In many situations, it may be more appropriate to plot inspection data as 
measurements control chart rather than percentage defective. This is 
particularly applicable to a bullet operation process, for the production of 
bullets whose weight tolerance was "9.45 + 1 gm". A frequency 
distribution analysis had been preliminarily carried on while the setup 
was being made. This analysis showed the setup to be satisfactory for the 
start of a long production run. To establish a measurements control chart 
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to analyze and then control the quality of these bullets, during the 
subsequent production run, the following steps are followed: 
Step 1: 
Select the quality characteristic the weight of the bullet is most critical, and 
this is the characteristic for the control of which the chart is to be 
established. 
Step 2: 
Gather data for reasonable time about 7200 bullets are produced each hour. 
With a sample size of five bullets – it can be arbitrarily assumed that one 
sample every 15 minutes may be selected for the purpose of setting the 
control limits. This decision is a practical matter of balancing such factors as 
cost, probable machine drift, availability of inspectors, and accessibility of 
gauging equipment. Measurements of the required 25" samples will be taken 
by an inspector and recorded on a form similar to that shown in following 
tables. 
Step 3: 
Compute the average and range for samples. 
Using formula    x = ∑x 
  n 
 = 9.471 
Where:- 
x =average value (called x bar) of the series x1, x2 … Xn= value of 
successive readings. 
n =number of readings. 
(The fourth decimal is shown in this example simply for illustrative 
purposes). 
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Using formula R = X high – X low. 
Where: 
R = Range value 
X high = Highest reading in series 
X low = Lowest reading in series 
Similar calculations may be made for the other samples in following tables. 
The average and range readings for each sample are plotted in the 
appropriate spot on the control chart. 
Step 4: 
Determine the grand average and the average range. Using formula:- 
 x = ∑x =9.484
  n  
The average range may be similarly calculated using formula:- 
 R = ∑R =0.0937
  n  
Step 5: 
Compute the control limits:- 
The appropriate formula for computing these control chart limits are:- 
Averages: Lower limit = x – A3 s 
 Center line = x 
 Upper limit = x + A3 s 
Ranges Lower limit = D 3 R 
Center line    
 Center line = R 
 Upper limit = D 4 R 
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Referring to (Reproduced from ASTM –STP 15D by kind permission of the 
American society for Testing and Materials). For the constants that are 
applicable for a sample size of 5, it shows that 
A3 = 1.427 
D3 = 0 
D4 = 2.114 
Substituting the above const. in the previous formula therefore: 
Averages: Lower limit = x – A3 s 
= 9.484 – 1.427 x 0.39768 
= 9.427 
 
 Upper limit = x + A3 s 
= 9.484 + 0.0567 
= 9.541 
Ranges 
Lower limit = D 4 R 
 = 2.114 x 0.0937 = 0.198 
Upper limit = D 3 R = Zero 
These control limits may be plotted on the previous figures. (6-6 & 6-7) 
Interpretation of the control chart for average. Process is under control if the 
plotted averages lying regularly within the control limits. If the bulk of the 
plots are near to the central line then process is firmly under control. If, on 
the other hand the bulk of the plots are lying symmetrically above and under 
the control line, then the process is moderately controlled. However, in such 
a case a range control chart is needed to measure the variability with the 
moderately controlled plots. 
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Range control chart: if the plots are scattered normally with narrow 
dispersion around "R" the average range the variability is also controlled. 
The conclusion in both suggest that process is not under control because the 
process is moderately control in terms of location (taking average control 
chart). We resort to the R chart. It indicates that the bulk of the plots are out 
of control i.e. the regularity of location is robust and a source of variability 
has been observed. 
Further investigation may suggest resetting the machine. 
These are some examples to illustrate the techniques normally used in TQC. 
We recommend to follow such pattern. 
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APPENDIX E: IMPLEMENTATION OF THE STUDY 
Dear Mr. Mustafa Abdel Magied Salih 
Author of the study on "The nexus of optimum quality control & efficiency 
in production" 
 
Subject: Check – list on the application of Juran Triology 
Concept in Al Mizab. 
 
Reference is made to our previous conversation and the correspondences on 
the above subject. In this regard, I wish to reiterate the resolve of Al Mizab 
Management to accept and implement the recommendations made on the 
study, with the view to improving the performance and profitability of Al 
Mizab mill. 
I, on behalf of the management and employees of the mill, wish to share 
with you our response to the above-mentioned check – list. 
 
Quality Planning: 
The top management has already adopted, in principle, your proposal to 
inscribe its vision and mission statements, reflecting the strategic thinking of 
Al Mizab. 
The vision statement "To be number one in the mill industry" is already 
entrusted to a painting firm so as to be fixed in appropriate location at the 
entrance; while the mission statement "flour fine tuning" is now debated at 
all levels of the management layers and employees before adopting and 
agreeing upon a phrase. In the meantime, we will communicate to you the 
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agreed phrase. This is the first step for Al Mizab to embrace a strategic 
approach in conducting its business. In this process, Al Mizab management 
and employees are discussing common strategic objectives for the future of 
our business. This initial step, among other things, is improving the morale 
and future outlook of the mill. 
Based on the acceptance of the vision and mission statements, the 
management will embark on preparing a business plan for the future. This 
plan will certainly include the following quality improvements. 
 
Organization structure: 
We have already adopted an organization structure and started 
implementation of reform, including separation of quality control, 
production lines, maintenance, and repair functions from each other. We are 
looking forward to preparing job descriptions accordingly. We have also 
introduced modern organizational techniques and a framework for 
monitoring progress. Finally, we have set a stage for evaluation of the 
impact of the reform, feed – back and further improvement. 
 
Database and information system: 
For the first time Al Mizab has introduced and for this purpose a unit has 
been established, together with the required responsibilities. This will enable 
us to prepare a computerized database and information system as well as 
setting format of data collection and data analysis. Upon calibrating the 
computer system for data collection, the database system will be ready to 
operationalize the new system across departments. Among other things, 
monitoring and evaluation of the system will enhance and further 
empowerment of staff and efficiency of the mill. 
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Training: 
Not only that we have accepted and introduced regular training program, 
both organizationally and technically, Al Mizab has also prepared and tested 
the required training modules. So far, veterans have been selected to start 
and implement the on – job – training program.  
The top management agreed to consider training as a component of the 
empowerment and performance evaluation system. 
 
Benchmarking and ISO Standards 
They are accepted in principle. Now we are in the phase of collecting 
information on suitable benchmarking and requirement for ISO Standards. In 
this regard, the chairman of the Board established across – departmental 
team chaired by management to review and study benchmarking and 
standardization. In the future, the management will make decision on 
disseminating the information to all departments and seek implementation of 
benchmarking and ISO Standardization in the milling industry. 
 
Total Quality Control (T.Q.C.): 
To begin with, T.Q.C. system is accepted. For this purpose, we embarked in 
conducting bakery survey for feedback. In addition, we introduced an 
inventory control system as well as initiating process capability study. In 
parallel, we initiated a frame – work for a spreadsheet, namely a customized 
spreadsheet. For the first time, we introduced tolerance limits for rejects in 
wheat, bran and sacks. To operationalize the T.Q.C. system, the management 
issued directives to accelerate the following: 
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Collection and analysis of survey data, gathering information on vendors. 
This will enable us to compute vendor rating, create good relation with 
suppliers, build system of control charts, add technical specification and 
other related data to spread sheet. Such initiatives will improve utilization of 
wheat, bran & sacks. The system will also facilitate collecting data on 
rejects, implementing modern system for disposition of rejects, and 
furthermore will achieve the following: 
• Improve utilization of wheat, bran and sacks 
• Computerize system for purchase and storage of wheat, bran and sacks 
• Develop program for control chart system 
• Complete guidelines and computer system for spreadsheet 
• Utilization of the system across department 
• Full statistical analysis of tolerance limit and T.Q.C. 
• Improve awareness and empowerment of staff on Quality Control and 
optimum utilization of resources. 
 
Quality improvement: 
We wish to inform you that a micro feeder device is fixed to the line of 
production to induct improver through the flow of flour. The finished 
product is a mixture of flour and improver that can replace the potassium 
bromide as an improver. Socially, Al Mizab is proud to announce its 
acceptance and utilization of a well-programmed public relations campaign. 
This included an implementation of annual Ramadan Iftar, other social 
gathering, external training program to enhance exposure of staff, starting a 
speaker program and workshops, creating networks of veterans, retired 
employees and experts.  
 213
Furthermore, the top management will continue to: 
• Improve social relations among employees,  
• enhance empowerment of staff,  
• utilize these social characteristics into performance evaluation system,  
• add to database experts, veterans and retired employees,  
• develop and implement preventive maintenance system on scientific basis. 
 
Finally, such a full – fledged corporate plan will  
• incorporate social responsibility and cultural change in the industry,  
• update and maintain data base and information system,  
• integrate the preventive maintenance system into maintenance and repair 
system,  
• integrate external and internal training system with the expert system,  
so that by 2010 Al Mizab will be audited by ISO. 
Al Mizab management wishes to note that after applying some of the 
recommendations, the rejects have been reduced by a significant percentage, 
approximately reaching 20%. Furthermore, we are expecting more saving in 
the future, after benefiting from on – going organizational reform, best 
practices and standardization. We thank you once again for making your 
scientific recommendations available for Al Mizab mill and we look forward 
to sharing information with you as we proceed with implementing your 
valuable recommendations. 
Best regard 
Abdel Karim Elsayed 
General Manager for Mizab 
